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lntrogression and Its Consequences 
in Plants 
LOREN H. RIESEBERG AND JONATHAN F. WENDEL 
The role of introgression in plant evolution has been the subject of considerable dis-
cussion since the publication of Anderson's influential monograph, Introgressive 
Hybridization (Anderson, 1949). Anderson promoted the view, since widely held by 
botanists, that interspecific transfer of genes is a potent evolutionary force. He sug-
gested that "the raw material for evolution brought about by introgression must 
greatly exceed the new genes produced directly by mutation" ( 1949, p. 102) and rea-
soned, as have many subsequent authors, that the resulting increases in genetic diver-
sity and number of genetic combinations promote the development or acquisition of 
novel adaptations (Anderson, 1949, 1953; Stebbins, 1959; Rattenbury, 1962; Lewon-
tin and Birch, 1966; Raven, 1976; Grant, 1981 ). In contrast to this "adaptationist" 
perspective, others have accorded little evolutionary significance to introgression, sug-
gesting instead that it should be considered a primarily local phenomenon with only 
transient effects, a kind of"evolutionary noise" (Barber and Jackson, 1957; Randolph 
et al., 1967; Wagner, 1969, 1970; Hardin, 1975). One of the vociferous doubters of a 
significant role of hybridization in plant evolution was Wagner ( 1969, p. 785), who 
commented that the "ultimate contributions made by hybrids must be very small or 
negligible." Wagner's frequently expressed opinion appears to be based on ecological 
and compatibility arguments, which were encapsulated as follows: "In the rare cases 
that two well differentiated species happen to be interfertile enough to produce fertile 
progeny, their hybrids will usually have to fit into some hybrid niche. Such fertile 
hybrids will therefore tend to be transient, disappearing once the differentiated com-
munity returns and the parental species re-occupy their normal habitats" (Wagner, 
1970, p. 149). 
These divergent opinions primarily reflect differences in how various authors 
view the relative frequency of particular evolutionary outcomes, with few if any 
authors advocating the position that introgression never plays a significant evolution-
ary role. Anderson himself expressed uncertainty regarding its importance: "It is pre-
mature to attempt any generalizations as to the importance ofintrogressive hybridiza-
tion in evolution" (1949, p. 61). Heiser was similarly equivocal, reaching the 
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conclusion that "Introgression does undoubtedly play a role in evolution .... It may 
play a very significant role; but it must be admitted, there is yet no strong evidence to 
support such a claim" ( 197 3, p. 362 ). 
In this chapter, we ask if any such "strong evidence" has accumulated since the 
last comprehensive review of plant introgression by Heiser nearly two decades ago and 
if any new perspectives or issues have been raised by empirical studies. We review evi-
dence bearing on the extent of introgression in plants and its putative consequences. 
Particular emphasis is placed on insights gained from the application of molecular 
techniques, which provide the simply inherited genetic markers necessary to address 
many of the relevant questions but that were unavailable when the subject was last 
reviewed (see also Rieseberg and Brunsfeld, 1992). It is shown that these molecular 
data have greatly enhanced our ability to detect and quantify introgression, with per-
haps a less dramatic influence on our ability to perceive its evolutionary consequences. 
We also review recent studies that have provided several insights into patterns and pos-
sible mechanisms of plant introgression. 
WHAT IS INTROGRESSION? 
The term "introgression" has been used to describe a wide range of phenomena, from 
backcrossing in hybrid swarms and breeding experiments to the exchange of genes 
between primarily allopatric species. Introgression or "introgressive hybridization" 
was first defined by Anderson and Hubricht ( 1938, p. 396) as "the infiltration of germ 
plasm from one species into another through repeated backcrossing of the hybrids to 
the parental species." Later authors (e.g., Stebbins, 1959; Heiser, 1973) suggested that 
the term be restricted to those situations involving the "permanent" addition of genes 
from one species into another, thereby attempting to draw a distinction between 
introgression and transient gene flow in local hybrid swarms. This distinction seems 
to us to be useful despite the difficulties inherent in assessing "permanence" of genetic 
transfer. Heiser ( 1973) pointed out that the term introgression need not apply only to 
results from backcrossing, inasmuch as the particular genetic history is likely to be 
unknown in most situations and because experimental data indicate that sib-crossing 
in conjunction with backcrossing is often superior to strict backcrossing for facilitating 
interspecific gene exchange (Wall, 1970). There is little rationale, in our opinion, for 
requiring any specific crossing scheme in a definition of introgression, regardless of 
issues of relative "efficiency." Although introgression was originally restricted to gene 
flow between species, it has been pointed out (Anderson, 1949; Heiser, 1973; Grant, 
1981) that this definition is necessarily arbitrary owing to differences in species con-
cepts among taxonomists. Furthermore, Anderson ( 1949) suggested that gene flow 
between intraspecific taxa represents essentially the same phenomenon as introgres-
sion between species. We concur and suggest that introgression can appropriately 
describe gene exchange between species, subspecies, races, or any other set of differ-
entiated population systems. Given these considerations, introgression can be defined 
as the permanent incorporation of genes from one set of differentiated populations 
into another, i.e., the incorporation of alien alleles into a new, reproductively inte-
grated population system. 
When applying this definition to this review, we found it necessary to exclude 
from consideration certain evolutionary phenomena. The vast literature on local, 
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ephemeral hybrid swarms is not presented. With rare exception, hybridization leading 
to polyploidy is not discussed, despite the fact that it is one of the most prominent 
processes of plant speciation (Stebbins, 1950; Jackson, 1976; Lewis, 1980; Grant, 
1981; Levin, 1983). Other than where it pertains to evolutionary issues, the vast lit-
erature on artificial hybridization and backcrossing in crop plants is omitted. Our dis-
cussion thus focuses on "natural" hybridization and introgression among diploid 
plants. 
HISTORICAL PERSPECTIVE 
Botanists have long been fascinated by plant hybridization, and the literature on this 
subject is voluminous. Excellent summaries ofthe early literature are given by Roberts 
( 1929) and Heiser ( 1949a). Two of the earliest papers addressing the subject of 
introgression are those by DuRietz ( 1930) and Marsden-Jones ( 1930). DuRietz ( 1930) 
studied populations of Dacrophyllum, Coprosma, and Salix and noted that sympatric 
populations of certain species pairs tended to converge in certain morphological fea-
tures. He attributed this convergence to the "infection" of one species with particular 
genes from another species. Marsden-Jones ( 1930) produced artificial hybrids between 
Geum urbanum and G. rivale and then backcrossed the hybrids to the parental species. 
He demonstrated that the backcrosses contained individuals that were almost indis-
tinguishable from the parental species, confirming predictions made by Ostenfald 
( 1928). 
That introgression may have evolutionary implications, however, was first rec-
ognized by Edgar Anderson (Anderson, 1936a, 1949, 1953). In a series of papers on 
Tradescantia (Anderson and Diet, 1932; Anderson and Woodson, 1935; Anderson, 
1936a, Anderson and Hubricht, 1938), Anderson and coworkers provided the first 
careful experimental studies of introgression, developed methods for its analysis 
(hybrid indices), introduced the term "introgressive hybridization," and suggested sev-
eral possible consequences ofintrogression, including an increase in genetic diversity, 
the transfer of adaptations, and the development of new adaptations. They also were 
the first to explicitly recognize the relation between hybridization and the habitat 
(Anderson and Hubricht, 1938; Anderson, 1948). Anderson ( 1948) noted that differ-
ent habitat preferences often form strong barriers to hybridization. Natural or human 
disturbance may remove these barriers, leading to extensive hybridization. In later 
papers (Anderson, 1949; Anderson and Gage, 1952), Anderson introduced additional 
methods for the detection of introgression, including the method of pictorialized scat-
ter diagrams, which were widely used for several decades. 
Anderson ( 19 39, 1949, 195 3) also introduced the concept of character coherence. 
Briefly, he suggested that linkage among genes affecting taxonomic characters results 
in strong correlations among these characters in the offspring of species hybrids. Thus 
hybrid indices and pictorialized scatter diagrams, in his view, provide an efficient 
means for analyzing suspected cases of introgression and for distinguishing the mor-
phological results of introgression from those of convergent mutations or retention of 
ancestral character states. Although the concept of character coherence is still accepted 
by most plant taxonomists (e.g., Grant, 1981 ), theoretical and experimental studies 
(Dempster, 1949; Goodman, 1966) have indicated that factors other than linkage may 
also be responsible for taxonomic character correlations. For example, selective elim-
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i n a t i o n  o f  r e c o m b i n a n t  t y p e s  c o u l d  r e s u l t  i n  s t r o n g  c h a r a c t e r  c o h e r e n c e  r e g a r d l e s s  o f  
l i n k a g e .  I n  a d d i t i o n ,  i f  i n t r o g r e s s i o n  i s  r e c e n t ,  c o r r e l a t i o n s  c a u s e d  b y  o v e r l a p p i n g  
h y b r i d  a n d  b a c k c r o s s  g e n e r a t i o n s  c a n  r e s u l t  i n  c h a r a c t e r  c o r r e l a t i o n s  n o t  g e n e r a t e d  b y  
l i n k a g e  a l o n e  ( G o o d m a n ,  1 9 6 6 ) .  T h u s  G o o d m a n  (  1 9 6 6 )  s u g g e s t e d  t h a t  A n d e r s o n i a n  
t e c h n i q u e s  a r e  a p p l i c a b l e  o n l y  i n  c a s e s  w h e r e  i t  i s  k n o w n  t h a t  t h e r e  i s  n o  d i f f e r e n t i a l  
s e l e c t i o n  a m o n g  r e c o m b i n a n t  a n d  n o n r e c o m b i n a n t  c h r o m o s o m a l  t y p e s .  
T h i s  e x a m p l e  t y p i f i e s  a  p r o b l e m  t h a t  p e r v a d e s  t h e  i n t r o g r e s s i o n  l i t e r a t u r e ;  i . e . ,  t h e  
s u p p o r t i n g  e v i d e n c e  o f t e n  h a s  a l t e r n a t i v e  e x p l a n a t i o n s  ( G o t t l i e b ,  1 9 7 2 ;  H e i s e r ,  1 9 7 3 ) .  
M a n y  o f  t h e s e  a l t e r n a t i v e s  h a v e  b e e n  r e c o g n i z e d  f o r  d e c a d e s .  D o b z h a n s k y  (  1 9 4 1 ) ,  f o r  
e x a m p l e ,  r e c o g n i z e d  t h e  i m p l i c a t i o n s  p r e s e n t e d  b y  c o n v e r g e n t  m o r p h o l o g i c a l  e v o l u -
t i o n .  H e  a l s o  s u g g e s t e d  t h e  p o s s i b i l i t y  t h a t  r e m n a n t s  o f  t h e  a n c e s t r a l  p o p u l a t i o n  f r o m  
w h i c h  t w o  s p e c i e s  d i f f e r e n t i a t e d  m i g h t  h a v e  t h e  a p p e a r a n c e  o f  h y b r i d s - a n  e a r l y  a n d  
e x p l i c i t  r e c o g n i t i o n  o f  s y m p l e s i o m o r p h y  ( r e t e n t i o n  o f  p r i m i t i v e  c h a r a c t e r - s t a t e s ) .  I t  
h a s  a l s o  b e e n  r e c o g n i z e d  t h a t  p r i m a r y  i n t e r g r a d a t i o n  c o u l d  b e  d i f f i c u l t  t o  d i s t i n g u i s h  
f r o m  s e c o n d a r y  i n t e r g r a d a t i o n .  B a r b e r  a n d  J a c k s o n  (  1 9 5 7 ) ,  f o r  e x a m p l e ,  q u e s t i o n e d  
t h e  t r a d i t i o n a l  a s s u m p t i o n  t h a t  a  s t e e p  c l i n e - a n  a b r u p t  c h a n g e  i n  a  p a r t i c u l a r  c h a r -
a c t e r  o r  g r o u p  o f  c h a r a c t e r s - a l w a y s  r e s u l t s  f r o m  t h e  m e r g e r  o f  t w o  p r e v i o u s l y  d i f f e r -
e n t i a t e d  p o p u l a t i o n s .  B a k e r  (  1 9 4  7 )  w a s  s k e p t i c a l  o f  t h e  u s e  o f  h y b r i d  i n d i c e s  a n d  o t h e r  
b i o m e t r i c  t o o l s  i n  t h e  a b s e n c e  o f  i n f o r m a t i o n  r e g a r d i n g  t h e  g e n e t i c  b a s i s  o f  t h e  c h a r -
a c t e r s  b e i n g  s c o r e d .  T h e s e  a n d  s e v e r a l  a d d i t i o n a l  e x p l a n a t i o n s  f o r  v a r i a t i o n  p a t t e r n s  
s u g g e s t i v e  o f  i n t r o g r e s s i o n  w e r e  d i s c u s s e d  b y  G o t t l i e b  (  1 9 7 2 )  a n d  H e i s e r  ( 1 9 7 3 ) ,  
i n c l u d i n g  s e g r e g a t i o n  i n  a  p o l y p l o i d  s p e c i e s ,  i n b r e e d i n g  a n d  s e l e c t i o n  f o l l o w i n g  
h y b r i d i z a t i o n  i n  a n  a u t o g a m o u s  s p e c i e s ,  t h e  o c c u r r e n c e  o f  h y b r i d  s w a r m s  t h a t  a r e  n o  
l o n g e r  i n  c o n t a c t  w i t h  t h e  p a r e n t a l  s p e c i e s ,  a n d  t h e  p r e s e n c e  o f  h i g h l y  v a r i a b l e  F ,  
h y b r i d s .  G i v e n  t h i s  p a n o p l y  o f  p o t e n t i a l  p r o b l e m s ,  i t  i s  n o t  s u r p r i s i n g  t h a t  R i e s e b e r g  
e t  a l .  (  1 9 8 8 a ) ,  f o l l o w i n g  H e i s e r  ( 1 9 7 3 ) ,  c o n s i d e r e d  m o s t  p u t a t i v e  e x a m p l e s  o f  
i n t r o g r e s s i o n  t o  b e  b a s e d  o n  c i r c u m s t a n t i a l  e v i d e n c e .  
D e s p i t e  t h e  i n h e r e n t  d i f f i c u l t i e s  w i t h  a d e q u a t e l y  d e m o n s t r a t i n g  i n t r o g r e s s i o n ,  
t h e r e  h a s  b e e n  c o n s i d e r a b l e  d i s c u s s i o n  r e g a r d i n g  i t s  e v o l u t i o n a r y  s i g n i f i c a n c e .  A  r e c u r -
r i n g  t h e m e  i n  m a n y  e a r l y  s t u d i e s  o f  i n t r o g r e s s i o n  w a s  i t s  i m p o r t a n c e  a s  a  s o u r c e  o f  
g e n e t i c  v a r i a t i o n  o n  w h i c h  s e l e c t i o n  c o u l d  a c t  ( A n d e r s o n ,  1 9 4 9 ,  1 9 5 3 ) .  T h i s  v i e w  
s e e m s  t o  h a v e  b e e n  a c c e p t e d  b y  m a n y  b o t a n i s t s .  F o r  e x a m p l e ,  S t e b b i n s  s u g g e s t e d  t h a t  
m u t a t i o n  c a n  n e v e r  p r o v i d e  e n o u g h  v a r i a b i l i t y  t o  a l l o w  m a j o r  e v o l u t i o n a r y  a d v a n c e s  
t o  t a k e  p l a c e :  " G e n e t i c  r e c o m b i n a t i o n  m u s t ,  t h e r e f o r e ,  b e  t h e  m a j o r  s o u r c e  o f  s u c h  
v a r i a b i l i t y  . . . .  T h i s  i s  a c c o m p l i s h e d  m o s t  e f f e c t i v e l y  b y  m a s s  h y b r i d i z a t i o n  b e t w e e n  
p o p u l a t i o n s  w i t h  d i f f e r e n t  a d a p t i v e  n o r m s "  (  1 9 5 9 ,  p .  2 4 8 ) .  R a t t e n b u r y  (  1 9 6 2 )  a t t r i b -
u t e d  t h e  s u r v i v a l  o f  t r o p i c a l  e l e m e n t s  i n  t h e  N e w  Z e a l a n d  f l o r a  t o  i n t e r m i t t e n t  p e r i o d s  
o f  h y b r i d i z a t i o n  ( c y c l i c  h y b r i d i z a t i o n )  a n d  t h e  p r o d u c t i o n  o f  v a r i a b l e  o f f s p r i n g  o f  
w h i c h  s o m e  c o u l d  s u r v i v e  u n d e r  c o o l e r  c o n d i t i o n s .  K n o b l o c h  (  1 9 7 2 ,  p .  9 7 )  p r o v i d e d  
a  l i s t  o f 2 3 , 6 7  5  n a t u r a l  p l a n t  h y b r i d s  a n d  s t a t e s  t h a t  " a l t h o u g h  m u t a t i o n  h a s  b e e n  g i v e n  
t h e  m a j o r  r o l e  i n  e f f e c t i n g  d i v e r s i t y  i n  t h e  n a t u r a l  w o r l d  . . .  ,  i t  i s  n o w  q u i t e  c l e a r  t o  
m a n y  b i o l o g i s t s  t h a t  t h e  r o l e  o f  h y b r i d i z a t i o n  i n  s p e c i a t i o n  h a s  b e e n  m u c h  l a r g e r . "  
L i k e w i s e ,  R a v e n  (  1 9 7 6 ,  p .  2 9 8 )  s u g g e s t e d  t h a t  " t h e  f o r m a t i o n  o f  h y b r i d s  i s  a  c o n s i s t e n t  
f e a t u r e  o f  t h e  a d a p t i v e  s y s t e m  i n  m a n y ,  i f  n o t  m o s t ,  g r o u p s  o f p 1 a n t s . "  A s  m e n t i o n e d  
a b o v e ,  t h i s  p o i n t  o f  v i e w  h a s  n o t  m e t  w i t h  u n i v e r s a l  a c c e p t a n c e  ( B a r b e r  a n d  J a c k s o n ,  
1 9 5 7 ;  R a n d o l p h  e t  a l . ,  1 9 6 7 ;  W a g n e r ,  1 9 6 9 ,  1 9 7 0 ;  H a r d i n ,  1 9 7 5 ) .  
M a n y  o f  t h e  " m o d e r n "  c o n t r i b u t i o n s  t o  t h e  s t u d y  o f  i n t r o g r e s s i o n  h a v e  b e e n  
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methodological. The use of secondary chemical compounds (e.g., Alston and Turner, 
1962; Flake et al., 1978) broadened the database available for the analysis of introgres-
sion. More recently, molecular evidence has been applied to the study ofintrogression, 
and it has been argued by several authors (e.g., Levin, 1975; Doebley, 1989a; Doebley 
and Wendel, 1989; Riese berg and Brunsfeld, 1992) that molecular data are often pref-
erable to morphological data for analyzing ambiguous cases of introgression because 
of (I) the ready availability of large numbers of independent molecular markers that 
allow the detection and quantification of even rare introgression; (2) the generally 
infrequent nonheritable molecular variation (Hillis, 1987); and (3) the apparent selec-
tive neutrality of many molecular markers (Kimura, 1982). In contrast, there are often 
few morphological characters differentiating hybridizing taxa, and these characters are 
often functionally or developmentally correlated. Moreover, morphological charac-
ters typically have an unknown, but presumably complicated, genetic basis, have a 
non heritable component that is difficult to estimate, and often converge when exposed 
to similar selective pressures. Molecular markers also provide the opportunity to mon-
itor both nuclear and cytoplasmic gene flow. Several authors have noted the advan-
tages of employing chromosomally linked molecular markers for elucidating the direc-
tion of introgression and distinguishing it from symplesiomorphy and convergence 
(A vise and Saunders, 1984; Doebley, 1989a; Doebley and Wendel, 1989; Riese berg et 
al., 1990a). The use of linked markers greatly increases the potential for the simulta-
neous appearance of multiple markers in an introgressed individual. Clearly, if a puta-
tive introgressant possessed multiple, linked markers of a potential hybridizer, the 
probability that this situation could be attributed to symplesiomorphy or convergence 
would be minimized. 
Although molecular markers clearly provide an important alternative to mor-
phological characters for the study ofintrogression, there are potential problems, par-
ticularly for multigene families such as the nuclear ribosomal RNA gene family 
(rONA). Multigene families, which occur as tandem arrays or dispersed throughout 
the genome, are often subject to "concerted evolution," where sequences within a gene 
family are corrected against each other by processes such as unequal crossing over, 
gene conversion, slippage replication, or RNA-mediated exchanges (Drouin and 
Dover, 1990). If members of a multigene family are used to study introgression, these 
molecular processes may represent a serious source of error, as the frequency of the 
introgressed genes in an individual, population, or taxon could be increased or 
decreased because of this process. It is noteworthy that gene conversion has been 
experimentally demonstrated for rONA (Hillis et al., 1991 ), a gene family often used 
in studies of introgression (e.g., Arnold et al., 1990a; Rieseberg et a!., 1990a). Further-
more, biased gene conversion has been used to account for introgressive patterns of 
rONA variation in grasshoppers (Arnold et al., 1988; Marchant eta!., 1988), demon-
strating the potential evolutionary significance of this phenomenon. 
EXTENT OF INTROGRESSION IN PLANTS 
To estimate the extent ofintrogression in nature, it is worthwhile to first examine the 
frequency of hybridization, as hybridization is a prerequisite to introgression. Natu-
rally occurring interspecific hybrids have been detected in all major groups of plants 
and in all well-studied floras (Grant, 1981 ). Although only a small fraction of the plant 
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kingdom has been examined in detail and numerous hybrids go unreported, Knobloch 
( 1972) was able to list 23,675 putative interspecific or intergenetic hybrids. It is more 
difficult to estimate the frequency of introgression in plants owing to the difficulty of 
obtaining unambiguous evidence (as discussed in this chapter). Nonetheless, we have 
attempted to list "noteworthy" cases of introgression in plants (Table 4-1) so as to: ( 1) 
provide a reasonably broad introduction to the primary literature; (2) illustrate the 
breadth of the phenomenon with respect to taxonomic groups and life history features; 
and (3) summarize the types of empirical evidence used in documenting introgression 
as well as its proposed consequences. This list is by no means exhaustive, and we have 
undoubtedly missed many noteworthy examples. In addition, we have included sev-
eral studies where previously hypothesized examples ofintrogression have been exam-
ined and disproved (e.g., Rieseberg et al., 1988a; Spooner et al., 1991 ), because these 
"negative" papers play a role in clarifying the introgression literature. 
Table 4-1 lists 165 proposed cases of introgression, many involving more than 
one species. The examples include one fern (Trichomanes) and the full spectrum of 
seed plant diversity, including three genera in two families of gymnosperms (Abies, 
Pinus, Juniperus) and 82 genera in 40 families of angiosperms. Within angiosperms, 
approximately 85% of the examples are from dicotyledonous families (34 families, 71 
genera), including representatives from all dicot subclasses. Twelve genera in six fam-
ilies of monocots are also represented. Nearly all growth forms, which range from 
annuals to perennials and trees to herbs, are included. Many pollination syndromes 
are represented, with wind pollination being rarer than various forms of animal pol-
lination. This finding perhaps runs counter to expectations based on the physical 
promiscuity inherent in the former, relative to the frequent specificity of the latter. 
Mating system variation also covers the full spectrum from obligate outcrossers to pre-
dominant selfers. 
Each study listed in Table 4-1 was evaluated with respect to whether introgression 
had been rigorously documented in the sense that alternative explanations (see above) 
were eliminated. In general, we had greater confidence in those studies that employed 
molecular characters (see above for rationale) or employed numerous morphological, 
cytological, or chemical characters. Our judgment was that introgression had been 
documented in 65 cases. Other studies included in Table 4-1 substantiate the existence 
of hybrid swarms and may represent examples of introgression (denoted by "?"). We 
did not believe, however, that the "permanent addition" of alleles from another spe-
cies was unambiguously demonstrated in these cases. 
In his 1973 review, Heiser distid'guished localized introgression, where gene flow 
extends only a short distance from the area of hybridization, from dispersed introgres-
sion, where gene flow is widespread (Fig. 4-l ). He suggested that localized introgression 
is common, but dispersed introgression is rare. Although most of the examples on this 
list undoubtedly represent instances of localized introgression (denoted by "L"), sev-
eral cases of dispersed introgression have now been documented as well ("D" in Table 
4-l ). This distinction, however, is not easily drawn. As pointed out previously (Rie-
seberg and Brunsfeld, 1991 ), it is difficult to determine whether apparent patterns of 
dispersed introgression represent widespread gene flow or result from the establish-
ment and spread of stabilized introgressants (Fig. 4-l ). That is, the genetic constitution 
of introgressed populations occurring away from the area of contact may be the same 
regardless of the process by which they were derived. Similarly, in cases where localized 
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Mattfeld ( 1930) 
Dansereau & Desmarais ( 194 7) 
Ehrendorfer ( 1959) 
Anderson ( 1954) 
Feldman ( 1965) 
Hardin ( 1957); dePamphilis and Wyatt ( 1989, 1990) 
Sauer ( 1957); Tucker and Sauer ( 1958) 
Anderson ( 1936b) 
Grant ( 1952); Chase and Raven ( 1975) 
Ellstrand et al. ( 1987) 
Brochmann ( 1987) 
Brochmann (1984) 
Baldwin et al. ( 1990) 
Kephart et al. ( 1988) 
Adams et al. ( 1987) 
Woodson ( 1947, 1962); Wyatt and Antonovics (1981) 
Wetmore and Delisle ( 1939) 
Harlan and de Wet ( 1963) 
Erickson et al. ( 1983); Palmer et al. ( 1983); Palmer ( 1988); 
Song et al. ( 1988) 
Elliott ( 1949) 
Hinton ( 1976) 
Warwick et al. (1989) 
McMinn ( 1944) 
Anderson ( 1953) 
Rieseberg et al. ( 1989) 
Camp(l948) 
Dansereau ( 1941 ) 
Zamir et al. ( 1984) 
Lewis and Lewis ( 1955) 
·-·~-- ··-- -----
Clarkia sect. Fibula P,M ? S,O Lewis and Lewis ( 1955); Sytsma et al. ( 1990) 
Clarkia speciosa ssp. polyantha C,I,M yes E Bloom ( 1976); Soltis ( 1985) 
Cucurbita species M,I ? n.a. Decker-Walters et al. ( 1990) 
Cucurbita pepojtexana I L n.a. Decker and Wilson ( 1987); Kirkpatrick and Wilson ( 1988) 
Cypripedium candidumjpubescens M,I L E,T Klier et al. (unpublished data) 
Delphinium gypsophilum M,C ? s Lewis and Epling ( 1959) 
Dip/acus species C,M,E ? I.E Beeks ( 1962) 
Dubautia scabra P,S L n.a. Crins et al. ( 1988); Baldwin et al. ( 1990) 
Elymus species M ? I,E Brown and Pratt ( 1960) 
Elymus glaucus M,C ? s Snyder ( 1950, 1951 ); Stebbins ( 1957) 
Epimedium tr!foliatobinatum M,C ? s Suzuki (1986) 
Eucalypllls risdonii/amygdalina M ? D Potts and Reid ( 1988) 
Fuchsia perscendens P,[M] ?· n.a. Sytsma et al. ( 1991) 
Galium dumosum M ? s Ehrendorfer ( 1958) 
Gaillardia pulchella I,S L n.a. Heywood and Levin ( 1984 ); Heywood ( 1986) 
Geum urbanumjriva!e C,M ? n.a. Ravanko ( 1979) 
Gilia species M,C ? O,S,E Grant (1953) 
Gilia schillea4olia M,C ? s Grant (19 54) 
Gilia cana asp. speciosa M,C ? E Grant and Grant ( 1960) 
Gilia capita/a ssp. M,C ? S,E Grant ( 1950) 
Gilia lat{/lora ssp. davyi M,C ? E Grant and Grant ( 1960) 
Gilia leptantha ssp. transversa M,C ? E Grant and Grant ( 1960) 
Gilia ochroleuca ssp. vivida M,C ? E Grant and Grant ( 1960) 
Gossypium bickii P,[R,I] yes S,O Wendel et al. (1991) 
Gossypium aridum p yes n.a. Wendel and Albert ( 1991) 
Gos.1ypium arboreum I yes I Wendel et al. ( 1989) 
Gossypium barbadense I yes I,R,T Percy and Wendel ( 1990) 
Gossypium czmninghamii p yes n.a. Wendel and Albert ( 1992) 
Gossypium darwinii I yes n.a. Wendel and Percy (1990) 
Gossypium herbaceum I yes I Wendel et al. ( 1989) 
Gossypium hirsutum I yes R Percy and Wendel (1990) 
Helianthus annzms ssp. texanus P,R,M,C yes T,E,CorN Heiser ( 195la); Rieseberg et al. ( 1990a) 
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lle/ianthus anomalus P,R,I yes O,S Rieseberg ( 1991) lle/ianthus argophyllus M,C ? T,E,C Heiser(195lb) lle/ianthus bolanderi M,C,[P,R,I,S] no T,S Heiser ( 1949b); Oliveri and Jain ( 1977); Rieseberg ( 1987); 
Rieseberg et al. ( 1988a,b) llelianthus debilia ssp. cucumer({olius P,R,M,C yes N Heiser(1951a); Riesebergetal. (1990a, 1991b) llelianthm debilis ssp. silvestris P,[R] ? N Rieseberg et al. ( 1991 a) Helianthus deserticola P,R,I yes O,S Rieseberg ( 1991) lle/ianthus divaricatusjmicrocephalus M L T Heiser (1979) llelianthu.\· neglect us P,[R,I] yes N Rieseberg et al. ( 1990b) lle/ianthus paradoxus P,R,I yes o,s Rieseberg et al. ( 1990b) Helianthus petio/aris P,R,M,C, yes T,E,CorN Heiser ( 1947); Dorado et al. ( 1992) Hel/(·hera hallii p D n.a. Soltis et al. ( 1991) 
Heuchera micrantha p yes n.a. Soltis et al. ( 1991) Heuchera nivalis p D n.a. Soltis et al. (1991) H euchera parvif/ora p yes n.a. Soltis et al. ( 1991) 
Impatiens aurelia M ? T,S Omduff(1967) /pomopsis aggregate/tenuituba M,S L n.a. Grant and Wilken ( 1988) Iris species M,C ? B Lenz(l959) 
Iris chrysophylla/tenax S,[M] L n.a. Carter and Brehm ( 1969) I ris.fit!vajhexagona R,M,C,E,I,N,[P] DandL O.T. Riley ( 1938); Anderson ( 1949); Arnold et al. ( 1990a,b, 
1991 ); Arnold eta!. ( 1991) Iris nelsonii I,N yes s Randolph ( 1965); Arnold et al. ( 1990b, 1991) Juniperus asheijvirginianum M,[S] no n.a. Hall ( 1952); Flake et al. ( 1969); Adams and Turner ( 1970) Juniperus virginianumjhorizontalis M ? n.a. Fassett ( 1945a,b) Juniperus virginianumjscopularum M,S D n.a. Flake et al. ( 1978) Juniperus scopularum/'!_orizontalis M ? n.a. Fassett ( 1945a,b) Lasthenia burkei M,C,[I] ? s Ornduff( 1969, 1976); Crawford and Ornduff( 1989) Lasthenia ferrisiae M,C ? s Omduff ( 1966) Lesquerella densipilaj/escurii C,M L n.a. Rollins and Sol brig ( 1973) Lesquerella densipilajstonensis C,M L n.a. Rollins and Sol brig ( 1973) 
L_vcopersicon esculentum var. esculentum M,l yes n.a. Rick ( 1958); Rick et al. ( 1974) 
Lycopersicon chilense p ? n.a. Palmer and Zamir ( 1982) 
Lycopersicon chmielewskii p ? n.a. Palmer and Zamir ( 1982) 
Melandrium dioicum M,C ? E Baker (1948) 
Orphrys species M no n.a. Stebbins and Ferlan (1956) 
Orphrys murbeckii M ? s Stebbins and Ferlan (1956) 
Ory=a species M,C,I L E,T,I Chu and Oka ( 1970); Second ( 1982); Dally and Second 
( 1990); Langevin et al. ( 1990) 
Oxytropis a/bijlorus M ? T Anderson ( 1953) 
Parthenium argentatum M ? T,I Rollins ( 1949) 
Penstemon spectabilis M ? S,O Straw ( 1955) 
Penstemon c/evelandii M ? S,O Straw ( 1955) 
Persea steyermarkii/P. nubigena R,P yes s Fumier et al. ( 1990) 
Phlox anoena ssp. lightipei M,C ? E Levin and Smith ( 1966) 
Phlox bifida M ? I,T Anderson and Gage ( 1952) 
Phlox drummondiijcuspidata I,M,C,[S] L N Erbe and Turner ( 1962); Levin (1967, 1975) 
Phlox divaricata ssp. laphamii M,C ? E Levin(l967) 
Phlox glaberrimafpilosa I L n.a. Levin and Schaal ( 1972) 
Phlox maculata ssp. pyramidalis M,Ph,S ? E Hadley and Levin ( 1969); Levin ( 1963, 1966) 
Phlox pilosa ssp. deameii M,C ? E Levin and Smith ( 1966) 
Phytolacca species M ? S,E Davis ( 1985) 
Phytolacca species M ? T,C Fassett and Sauer ( 1950) 
Phytolacca americana M ? T,l Anderson ( 1953) 
Pinus contortafbanksiana M,S,I,[P] yes n.a. Forrest ( 1980); Critchfield ( 1985); Wagner et al. ( 1987); 
Wheeler and Guries ( 1987) 
Pinus muricata I ? n.a. Millar ( 1983) 
Pisum sativum p ? n.a. Palmer et al. ( 1985) 
Populusfremontii/angusti(olia N L T Keirn et al. ( 1989) 
Populus nigra P,[R] yes n.a. Smith and Sytsma ( 1990) 
Potamogeton Xhaynesii M,S ? s Haynes and Williams ( 1975); Hellquist and Crow ( 1986) 
Potamogeton ogdenii M,S ? s Hellquist and Hilton ( 1983) 
Potent ilia glandulosa ssp. hansenii M,C ? E Clausen et al. ( 1940); Clausen and Hiesey ( 1958) 
Primu/a vulgaris/elatior M ? n.a. Valentine ( 1948) 
Purshia tridentatafCowania stansburyana M ? T Stutz and Thomas ( 1964) 
'I Purshia glandu!osa M ? S,T Stutz and Thomas ( 1964) I,Q 
= Table 4-I. Proposed Examples oflntrogression in Plants Continued 
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Pyrrhopappus species M,[l] no n.a. Northington (1974); Peterson eta!. (1990) 
' Quercus species M ? T,O Muller ( 1952); Jensen and Eshbaugh ( 1976a,b) 
Quercus alba P,[M,R] yes n.a. Hardin ( 1975); Whittemore and Schaal ( 1991) 
Quercus a/vordiana M ? s Tucker(1952) 
Quercus douglasiijturbinella M ? n.a. Benson eta!. ( 1967) 
Quercus dntmmondii M ? s Muller (1952) 
Quercus dumosajturbinella M ? n.a. Tucker ( 1953) 
Quercus durata M,E ? T Forde and Farris ( 1962) 
Quercus ganderi M ? s Wolf(1944) 
Quercus ilic({oliajmarilandica M ? N Stebbins eta!. (194 7) 
Quercus macrocarpa P,[R] yes n.a. Whittemore and Schaal ( 1991) 
Quercus marilandicajvelutina M ? n.a. Cooperrider ( 1957) 
Querws michawcii P,[R] yes n.a. Whittemore and Schaal ( 1991) 
Quercus roberjpetraea M ? n.a. Rushton ( 1979) 
Quercus stellata P,[R] yes n.a. Whittemore and Schaal ( 1991) 
Ranunculus species M,E ? I Briggs ( 1962) 
Ranunculus victoriensis M,E ? s Briggs ( 1962) 
Raphanus sativus M,C ? T,I Panetos and Baker ( 1967) 
Sahatia./iJrmosajarenicola M,I,E L n.a. Bell and Lester ( 1978) 
Salix melanopsis P,[I] yes n.a. Brunsfeld ( 1990) 
S. tax(/iJ/ia P,I.M yes s Brunsfeld ( 1990) 
Salvia me/1(/(!rajapiana M L I,N,E Epling ( 194 7); Meyn and Emboden ( 1987) 
Scaevola gaudichaudianajmo/lis M ? I Gillett ( 1966) 
Solanum species M,S ? I,C,T,S,A Hawkins ( 1962); Johns eta!. ( 1987) 
Solanum raphani{olium M,[R,P] no s Ugent ( 1970); Spooner et al. ( 1991) 
Solidaxo ruxosajsempervirens M ? I Goodwin (1937) 
Stephanomeria diegensis I yes s Gallez and Gottlieb ( 1982) 
Stipa cal(!ornica M ? s Johnson ( 1962) 
Tellima grandiflora P,[l] yes n.a. Soltis et al. ( 1991) 
Tradescantia occidental is M ? T Anderson and Hubricht ( 1938) 
= 
Trichomanes species M ? n.a. Bierhorst ( 1977) 
Triticum lllrgidum C,P '? T,S Gill and Chen ( 1987) 
Typha lat!/iJ/iajanguslifolia M ? I Fassett and Calhoun ( 1952) 
Vaccinium corymbosum M ? s Camp(1945) 
Viola species M,C ? T.O Russell (1954); Moore (1959) 
Viola cuculawjsep/entrionalis M ? n.a. Russell (1955) 
Wvefhia species M ? T Weber( 1946) 
Zea mays ssp. maysjZ. mays ssp. mexicana M,P,I yes n.a. Doebley et al. ( 1987); Doebley and Sisco ( 1989) 
Zea mays ssp. may~jZ. mays var. parviglumis M.[C,E,I) no n.a. Kato ( 1976. 1984); Wilkes ( 1977); Doebley ( 1984); 
Doebley et al. ( 1984, 1987) 
Zea perennis P,[M,I,C] yes n.a. Doebley ( 1989a) 
Zea luxurian.1jZ. mays ssp. mays I yes n.a. Doebley et al. ( 1984) 
Zea diploperennisjZ mays ssp. mays I,[C,E] yes n.a. Doeb1ey ( 1984 ); Doebley et al. ( 1984) 
"C = cytological or crossing studies; E = ecological; I = isozymes; M = morphological; N = random. nuclear DNA markers; R = ribosomal DNA; P = chloroplast DNA; ph = physi-
ological studies; S = secondary compounds. Letters in brackets refer to approaches employed for which no evidence of introgression was observed. 
"Yes = introgression probably documented; L = local introgression; D = dispersed introgression. A question mark is indicated for cases where, in our judgment, interpretations other than 
introgression were not adequately ruled out. 
'"B = breakdown of reproductive barriers; D = dispersal mechanism; C = colonization; E = origin of new ecotypes; I = increase in genetic diversity; N = evolutionary noise; 0 = origin 
of adaptations; R = reinforcement of reproductive barriers; S = origin of new species or variety; T = transfer of adaptations; n.a. = no consequences proposed by authors. 
82 
Species 1 Species 2 
HYBRID ZONE PATTERN AND PROCESS 
® 
Q-Q-Q-0-Q-~-·-·-·-·-·-· 
•X I XIX lXI X• IXIXJ.X•X •X• Q-Q-Q-Q-Q-Q-·-·-·-·-·-· 
•X•X•X•X•X1 IXJ.X•X•X•X• 
Q--'Q-Gr.-Q-Q:-16)-·-·-·-·-·-· .J.X•X•X•X•X• •XIXIXIXIXI w-Q-Q-Q-Q-~-•-•-•-•-•-• 
•X•X•X•X•X• •X1X1X1X1X1 Q-Q-(j)-'Q-(j)--~-·-·-·-·-·-· 
Species 1 Species 2 
Figure 4-1. Localized introgression, dispersed introgression, and the origin of a stabilized intro-
gressant. Open circles = populations of species I; closed circles = populations of species 2; black 
lines = crosses between populations; arrows = direction of introgression. (A) Unidirectional 
localized introgression from species 2 into species I. (B) Unidirectional dispersed introgression. 
(C) Origin of a stabilized introgressant. 
introgression is apparent, dispersed introgression may have occurred but in a manner 
that could not be detected by the methods employed. 
More than 90% of the examples listed in Table 4-l are from temperate regions of 
the world. This bias undoubtedly reflects the location of scientists who have been inter-
ested in the phenomenon. Consequently, it is difficult to extrapolate to tropical plants. 
Likewise, approximately 25% of the cases listed in Table 4-l are from California. This 
disproportionately high figure is due largely to the number of botanists in California, 
although the species and habitat richness of the California flora may also contribute 
to the observed high frequency. 
A correlation between ecological stability and the occurrence and consequences 
of hybridization has long been apparent (Anderson and Hubricht, 1938; Dansereau, 
1941; Anderson, 1948; Stebbins, 1959; Arnold et al., 1990a). The importance of eco-
logical factors is twofold. First, ecological differences often result in barriers to hybrid-
ization (Anderson, 1948). If these barriers are broken down due to natural disturbance 
(e.g., fire, flood, volcanic activity) or human disturbance, hybridization often follows. 
Second, the establishment of hybrids and their progeny appears to be aided by relaxed 
competition in disturbed or open habitats. Thus introgressive hybridization is thought 
to be promoted by highly disturbed habitats such as those resulting from human activ-
ities (e.g., Anderson, 1948; Lenz, 1959). Many examples of introgression listed in 
Table 4-1 appear to be a direct result of natural or human habitat disturbance (Epling, 
I N T R O G R E S S I O N  A N D  I T S  C O N S E Q U E N C E S  I N  P L A N T S  8 3  
1 9 4 7 ;  A n d e r s o n ,  1 9 4 8 ;  S a u e r ,  1 9 5 7 ;  T u c k e r  a n d  S a u e r ,  1 9 5 8 ;  L e n z ,  1 9 5 9 ;  S t e b b i n s  
a n d  D a l y ,  1 9 6 1 ;  H e i s e r ,  1 9 7 9 ;  A r n o l d  e t  a l . ,  l 9 9 0 a , b ;  K l i e r  e t  a l . ,  1 9 9 1  ) .  
A l t h o u g h  t h e  f o c u s  o f  t h i s  c h a p t e r  c o n c e r n s  i n t r o g r e s s i o n  b e t w e e n  w i l d  s p e c i e s ,  
i n t r o g r e s s i o n  b e t w e e n  w i l d  a n d  d o m e s t i c a t e d  p l a n t s  i s  s u s p e c t e d  t o  b e  c o m m o n  
( A n d e r s o n ,  1 9 4 9 ;  H a r l a n ,  1 9 6 5 ;  H e i s e r ,  1 9 7 3 ;  d e W e t  a n d  H a r l a n ,  1 9 7 5 ;  L a d i z i n s k y ,  
1 9 8 5 ;  D o e b l e y ,  1 9 8 9 b )  a n d  p r o v i d e s  s o m e  o f  t h e  b e s t  c a s e s  o f  i n t r o g r e s s i o n  i n  p l a n t s  
( T a b l e  4 - l  ) .  M o l e c u l a r  e v i d e n c e  f o r  i n t r o g r e s s i o n  h a s  b e e n  r e p o r t e d  i n  p o p u l a t i o n s  o f  
B r a s s i c a  ( E r i c k s o n  e t  a l . ,  1 9 8 3 ;  P a l m e r  e t  a l . ,  1 9 8 3 ;  P a l m e r ,  1 9 8 8 ;  S o n g  e t  a l . ,  1 9 8 8 ) ,  
C h e n o p o d i u m  ( W i l s o n ,  1 9 9 0 b  ) ,  C i t r u l l u s  ( Z a m i r  e t  a l . ,  1 9 8 4  ) ,  C u c u r b i t a  ( D e c k e r  a n d  
W i l s o n ,  1 9 8 7 ;  W i l s o n ,  1 9 9 0 a ) ,  G o s s y p i u m  ( W e n d e l  e t  a l . ,  1 9 8 9 ;  P e r c y  a n d  W e n d e l ,  
1 9 9 0 ;  W e n d e l  a n d  P e r c y ,  1 9 9 0 ) ,  H e l i a n t h u s  ( R i e s e b e r g  a n d  S e i l e r ,  1 9 9 0 ) ,  L y c o p e r s i -
c o n  ( R i c k  e t  a l . ,  1 9 7 4 ;  P a l m e r  a n d  Z a m i r ,  1 9 8 2 ) ,  O r y z a  ( C h u  a n d  O k a ,  1 9 7 0 ;  S e c o n d ,  
1 9 8 2 ;  L a n g e v i n  e t  a l . ,  1 9 9 0 ) ,  P i s u m  ( P a l m e r  e t  a l . ,  1 9 8 5 ) ,  a n d  Z e a  ( D o e b l e y  e t  a l . ,  
1 9 8 4 ,  1 9 8 7 ;  D o e b l e y ,  l 9 8 9 a ;  D o e b l e y  a n d  S i s c o ,  1 9 8 9 ) .  
I t  i s  o f t e n  t h o u g h t  t h a t  i n t r o g r e s s i o n  b e t w e e n  c r o p  p l a n t s  a n d  t h e i r  w e e d y  r e l a t i v e s  
i s  p r i m a r i l y  u n i d i r e c t i o n a l ,  w i t h  g e n e  f l o w  p r o c e e d i n g  f r o m  t h e  c u l t i g e n  i n t o  t h e  w i l d  
o r  w e e d y  r e l a t i v e  ( d e  W e t  a n d  H a r l a n ,  1 9 7 5 ;  L a d i z i n s k y ,  1 9 8 5 ;  h o w e v e r ,  s e e  D o e b l e y ,  
l 9 8 9 b ,  f o r  a  c r i t i c i s m  o f  t h i s  v i e w ) .  P r e s u m a b l y  t h i s  s i t u a t i o n  r e f l e c t s  c u l l i n g  o f  w e e d  
X  c r o p  h y b r i d s  p r i o r  t o  t h e  n e x t  p l a n t i n g  s e a s o n .  I t  h a s  a l s o  b e e n  s u g g e s t e d  t h a t  
i n t r o g r e s s i o n  f r o m  w i l d  p l a n t s  i n t o  d o m e s t i c a t e d  o n e s  h a s  p l a y e d  a n  i m p o r t a n t  r o l e  i n  
t h e  o r i g i n  a n d  d e v e l o p m e n t  o f  t h e  l a t t e r  ( A n d e r s o n ,  1 9 6 1 ;  H a r l a n ,  1 9 6 5 ;  H e i s e r ,  1 9 7 3 ;  
W i l s o n ,  l 9 9 0 b ) .  A  c o m p l e t e  t r e a t m e n t  o f  t h i s  s u b j e c t  i s  b e y o n d  t h e  s c o p e  o f  t h i s  
r e v i e w ,  b u t  s o m e  o f  t h e  c o m p l i c a t i o n s  a n d  t y p e s  o f  e v i d e n c e  u s e d  m a y  b e  i l l u s t r a t e d  
b y  t h e  o r i g i n  o f  c y t o p l a s m i c  m a l e  s t e r i l i t y  ( C M S )  i n  t h e  c u l t i v a t e d  s u n f l o w e r .  S t a b l e  
s u n f l o w e r  C M S  ( C M S  8 9 )  w a s  f i r s t  d i s c o v e r e d  i n  a n  i n t e r s p e c i f i c  c r o s s  b e t w e e n  H .  
p e t i o l a r i s  a n d  H .  a n n u u s  ( L e c l e r c q ,  1 9 6 9 ) .  T h i s  d i s c o v e r y  e n a b l e d  p r o d u c t i o n  o f  t h e  
c o m m e r c i a l  h y b r i d  s u n f l o w e r ,  r e s u l t i n g  i n  d r a m a t i c  i n c r e a s e s  i n  y i e l d  o v e r  o l d e r  v a r i -
e t i e s .  S u b s e q u e n t  c p D N A  a n a l y s i s  o f  c u l t i v a t e d  a n d  w i l d  p o p u l a t i o n s  o f  H e l i a n t h u s  
i n d i c a t e d  t h a t  h y b r i d  s u n f l o w e r  c u l t i v a r s  h a d  t h e  c h l o r o p l a s t  g e n o m e  o f  H .  a n n u u s ,  
n o t  t h a t  o f  H .  p e t i o / a r i s  ( R i e s e b e r g  a n d  S e i l e r ,  1 9 9 0 ) ,  a  s u r p r i s i n g  f i n d i n g  g i v e n  t h a t  
C M S  8 9  i s  d e r i v e d  f r o m  H .  p e t i o l a r i s  ( L e c l e r c q ,  1 9 6 9 ) .  B e c a u s e  c p D N A  i s  i n h e r i t e d  
m a t e r n a l l y  i n  H e l i a n t h u s  ( R i e s e  b e r g  e t  a l . ,  1 9 9 1  a ) ,  t h e  m o s t  l i k e l y  e x p l a n a t i o n  f o r  t h e  
a b s e n c e  o f  H .  p e t i o l a r i s  c p D N A  g e n o t y p e s  i n  t h e  h y b r i d  s u n f l o w e r s  w a s  t h a t  t h e  s o u r c e  
p o p u l a t i o n  f o r  C M S  8 9  w a s  a n  i n t r o g r e s s i v e  p o p u l a t i o n  o f  H .  p e t i o l a r i s  a n d  H .  
a n n u u s .  T h i s  h y p o t h e s i s  w a s  c o n f i r m e d  b y  a n a l y s i s  o f  s e v e n  i n d i v i d u a l s  f r o m  t h e  
s o u r c e  p o p u l a t i o n  o f  H .  p e t i o l a r i s  f r o m  w h i c h  C M S  8 9  w a s  d e r i v e d ;  a l l  p l a n t s  h a d  t h e  
m o r p h o l o g y  a n d  n u c l e a r  r i b o s o m a l  R N A  g e n e s  o f  H .  p e t i o l a r i s  b u t  t h e  c p D N A  p a t -
t e r n s  c h a r a c t e r i s t i c  o f  l J .  a n n u u s .  
D I F F E R E N T I A L  I N T R O G R E S S I O N  
O n e  o f  t h e  m o r e  s u r p r i s i n g  r e s u l t s  o f  t h i s  s u r v e y  c o n c e r n s  t h e  r e l a t i v e  f r e q u e n c y  o f  
c y t o p l a s m i c  ( m i t o c h o n d r i a  a n d  c h l o r o p l a s t )  v e r s u s  n u c l e a r  i n t r o g r e s s i o n  i n  p l a n t s  
(  R i e s e b e r g  a n d  S o l t i s ,  1 9 9 1  ) .  A  t o t a l  o f  3  7  i n s t a n c e s  o f  c y t o p l a s m i c  i n t r o g r e s s i o n  a r e  
r e p o r t e d  [ a l l  d o c u m e n t e d  u s i n g  c h l o r o p l a s t  D N A  ( c p D N A )  e v i d e n c e ] ;  o f  t h e s e  c a s e s ,  
2 9  a r e  c o n s i d e r e d  t o  r e p r e s e n t  r o b u s t  d e m o n s t r a t i o n s  ( T a b l e  4 - 1  ) .  T h i s  n u m b e r  i s  
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remarkably high given the little time that cpDNA variation has been amenable to 
study and the small sample sizes employed in most studies (one to few individuals per 
taxon). At least half of these examples were completely unexpected based on previous 
morphological treatments. Furthermore, in 18 of these cases, detailed analyses using 
isozymes, morphology, or nuclear ribosomal RNA genes (rONA) failed to detect 
simultaneous introgression of nuclear genes (e.g., Palmer et at., 1983; Doebley, 1989a; 
Brunsfeld, 1990; Riese berg et at., 1990b, 1991 b; Smith and Sytsma, 1990; Riese berg, 
1991; Soltis et at., 1991; Wendel et al., 1991; Whittemore and Schaal, 1991 ). 
For many of these cases, the discrepancy between nuclear and cytoplasmic evi-
dence appears to reflect biphyletic or reticulate phylogenetic events. This phenomenon 
can be illustrated by the unusual evolutionary history of an Australian cotton species, 
Gossypium bickii (Wendel et at., 1991 ). Gossypium bickii is one of three arid zone 
species included in section Hibiscoidea (with G. australe and G. nelsonii). In contrast 
to expectations based on the distinctive shared morphology of the group, G. bickii pos-
sesses a chloroplast genome similar to that of G. sturtian urn of section Sturtia (Fig. 4-
2). Yet phylogenetic analysis of allozyme and nuclear rONA markers indicate that the 
nuclear genome of G. bickii shares a more recent common ancestor with G. australe 
and G. ne/sonii than it does with G. sturtianum (Fig. 4-2). Fifty-eight accessions were 
examined with reference to nuclear markers, but not a single diagnostic G. sturtianum 
nuclear marker was detected in the nuclear genome of G. bickii. Wendel et at. ( 1991) 
suggested that these data reflect an ancient hybridization event, with G. sturtianum (or 
a similar species) serving as the maternal parent in a cross with a paternal ancestor in 
the lineage leading to G. australe and G. nelsonii. The maternal nuclear genomic con-
tribution may have been eliminated subsequently from the hybrid or its descendants. 
Lineage sorting is sometimes viewed as an alternative explanation to introgression for 
nuclear or cytoplasmic discordance, but it is implausible in this situation because of 
the high sequence divergence values observed between the cpDNAs of G. sturtian urn 
and the G. australe/G. nelsonii clade. 
The differential between cytoplasmic and nuclear gene flow has been addressed 
in greatest detail by Rieseberg and coworkers in the genus Helianthus. Rieseberg et at. 
(1990a, 1991b) employed cpDNA and nuclear rONA markers to assess levels of 
nuclear and cytoplasmic gene flow between H. annuus and H. debilis ssp. cucumeri-
.folius in eastern Texas. Chloroplast DNA and rONA markers of H. debilis ssp. cucu-
merifolius were detected in, respectively, 10 and 16 plants of 154. H. annuus plants 
assayed. Thus levels of nuclear and cytoplasmic gene flow from H. debilis ssp. cucu-
merifolius into H. annuus were roughly equivalent. In contrast, 193 of the 262 plants 
of H. debi/is ssp. cucumerifolius surveyed had the cpDNA genotype pf H. annuus, 
where only eight individuals had alien rONA markers. Interspecific flow of chloroplast 
genotypes from H. annuus into H. debilis ssp. cucumer((olius was approximately I 0 
times greater than that for nuclear rONA markers. 
Riese berg et at. ( 1991 b) attributed the asymmetric cpDNA flow to the greater 
abundance of Helianthus annuus in east Texas. Assuming H. annuus and H. debilis 
ssp. cucumerifolius have roughly equivalent dispersal rates, the greater abundance of 
H. annuus would result in a proportionately greater introduction of H. annuus 
achenes into H. debilis ssp. cucumerifolius populations than vice versa. The integrity 
of the nuclear genome would be maintained by selection against foreign nuclear genes 
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· N u c l e a r  
F i g u r e  4 - 2 .  D i s c o r d a n t  m a t e r n a l  a n d  n u c l e a r  p h y l o g e n e t i c  h y p o t h e s e s  o f  f i v e  s p e c i e s  o f  A u s t r a -
l i a n  c o t t o n  ( G o s s y p i u m )  b a s e d  o n  W a g n e r  p a r s i m o n y  a n a l y s i s .  G o s s . v p i w n  b i c k i i ,  G .  a u s t r a / e ,  
a n d  G .  n e / s o n i i  a r e  m o n o p h y l e t i c  w i t h  r e s p e c t  t o  n u c l e a r  m o l e c u l a r  m a r k e r s  ( o n  r i g h t )  a n d  m o r -
p h o l o g y  ( n o t  s h o w n ) .  I n  c o n t r a s t ,  e v i d e n c e  f r o m  c h l o r o p l a s t  D N A s  ( o n  l e f t )  i n d i c a t e s  a  r e c e n t ,  
s h a r e d  c o m m o n  a n c e s t r y  b e t w e e n  G .  b i c k i i  a n d  G .  s t u r t i a n u m ,  t h e  l a t t e r  f r o m  a  d i f f e r e n t  t a x o -
n o m i c  s e c t i o n .  T h e  m a t e r n a l  p h y l o g e n y  w a s  d e r i v e d  f r o m  r e s t r i c t i o n  s i t e  l o s s / g a i n  m u t a t i o n s  i n  
c h l o r o p l a s t  D N A s  ( c o n s i s t e n c y  i n d e x  =  1 . 0 0 ) .  T h e  n u c l e a r  t r e e  w a s  c o n s t r u c t e d  f r o m  r e s t r i c t i o n  
s i t e  l o s s / g a i n  m u t a t i o n s  i n  1 8 S - 2 5 S  r i b o s o m a l  D N A s  a n d  p r e s e n c e / a b s e n c e  d a t a  f o r  a l l o z y m e s  
( C I  =  0 . 8 1  ) .  I n  b o t h  t r e e s ,  c h a r a c t e r  s t a t e s  w e r e  p o l a r i z e d  w i t h  r e s p e c t  t o  t h e  o u t g r o u p  s p e c i e s  
G .  r o b i n s o n i i .  A r a b i c  n u m e r a l s  i n d i c a t e  t h e  n u m b e r  o f  n o n h o m o p l a s i o u s  s y n a p o m o r p h i e s  o r  
a u t a p o m o r p i e s  a l o n g  e a c h  b r a n c h  s e g m e n t .  A U S  =  G .  a u s t r a l e ;  N E L  =  G .  n e l s o n i i ;  S T U  =  G .  
s t u r t i a n u m :  B l C  =  G .  b i c k i i ;  R O B  =  G .  r o b i n s o n i i .  ( F r o m  W e n d e l  e t  a l . ,  1 9 9 1 .  W i t h  p e r m i s -
s i o n . )  
A n a l y s i s  o f  c p D N A  v e r s u s  r O N A  i n t r o g r e s s i o n  b e t w e e n  r a c e s  o f  H .  a n n u u s  a n d  
H .  p e t i o l a r i s  f r o m  s o u t h e r n  C a l i f o r n i a  a l s o  r e v e a l e d  t h a t  t h e  i n t e r s p e c i f i c  f l o w  o f  c h l o -
r o p l a s t  g e n o t y p e s  w a s  m o r e  f r e q u e n t  t h a n  t h a t  o f  n u c l e a r  r i b o s o m a l  g e n e s  ( D o r a d o  e t  
a l . ,  1 9 9 2 ) .  B o t h  s p e c i e s  a r e  w i d e s p r e a d  a n d  p o l y t y p i c ,  o c c u r r i n g  c o m m o n l y  i n  t h e  
w e s t e r n  U n i t e d  S t a t e s  a n d  l e s s  f r e q u e n t l y  e a s t w a r d  ( F i g .  4 - 3 ) .  I n  C a l i f o r n i a ,  H .  a n n u u s  
i s  a  c o m m o n  r o a d s i d e  w e e d ,  o c c u r r i n g  f r e q u e n t l y  i n  t h e  c e n t r a l  v a l l e y  a n d  i n  s o u t h e r n  
C a l i f o r n i a .  H e l i a n t h u s  a n n u u s  w a s  a l r e a d y  p r e s e n t  i n  s o u t h e r n  C a l i f o r n i a  w h e n  t h e  
f i r s t  b o t a n i c a l  c o l l e c t i o n s  w e r e  m a d e  a n d  w a s  u s e d  b y  n a t i v e  A m e r i c a n s  f o r  v a r i o u s  
p u r p o s e s  ( H e i s e r ,  1 9 4 9 b  ) .  B e c a u s e  i t  d o e s  n o t  n o w  o c c u r  i n  n a t u r a l  s i t e s  i n  e i t h e r  c e n -
t r a l  o r  s o u t h e r n  C a l i f o r n i a ,  i t  w a s  l i k e l y  i n t r o d u c e d  r e c e n t l y  b y  n a t i v e  A m e r i c a n s  ( H e i -
s e r ,  1 9 4 9 b ) .  H e l i a n t h u s  p e t i o l a r i s  r e p r e s e n t s  a n  e v e n  m o r e  r e c e n t  i n t r o d u c t i o n  t o  
s o u t h e r n  C a l i f o r n i a ,  p e r h a p s  d u r i n g  t h e  m i d - 1 9 4 0 s .  A c c o r d i n g  t o  h e r b a r i u m  r e c o r d s  
( R S A / P O M ) ,  t h e  f i r s t  c o l l e c t i o n s  w e r e  m a d e  i n  1 9 4 7 ,  a n d  t h e  s p e c i e s  i s  n o w  r a t h e r  
c o m m o n .  Y e t  a l l  b u t  f o u r  o f  t h e  1 4 1  i n d i v i d u a l s  ( s i x  p o p u l a t i o n s )  o f  H .  p e t i o l a r i s  a n a -
l y z e d  f r o m  s o u t h e r n  C a l i f o r n i a  h a d  t h e  c h l o r o p l a s t  g e n o t y p e  o f  H .  a n n u u s .  I n  c o n t r a s t ,  
o n l y  t w o  p l a n t s  h a d  a l i e n  r O N A  m a r k e r s  ( F i g .  4 - 3 ) .  N o  i n t r o g r e s s i o n  w a s  o b s e r v e d  
f r o m  H .  p e t i o l a r i s  i n t o  H .  a n n u u s .  I t  i s  n o t e w o r t h y  t h a t  i d e n t i f i c a t i o n  o f " a u t h e n t i c "  
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Figure 4-3. Geographic distribution and collection localities of H. annuus (dots) and H. petio-
laris (wavy lines) in the western United States. A = H. annuus collection locality; P = H. petio-
laris collection locality; H = hybrid population locality. (From Dorado et al., 1992. With per-
mission.) 
lations (212 individuals) and 12 populations (72 individuals), respectively, from 
throughout the range of both species (Riese berg et al., 1991 a). Thus misidentification 
of authentic H. petiolaris cpDNA cannot account for the observed situation. 
Phylogenetic analysis of Quercus populations revealed a similar differential 
between organellar and nuclear gene flow (Whittemore and Schaal, 1991 ). A dado-
gram based on cpDNA data was congruent with geographic distribution rather than 
morphological species boundaries. Furthermore, the same cpDNA genotype was 
shared by individuals of two species growing in mixed stands. In contrast, rONA 
marker distributions were consistent with morphology. Whittemore and Schaal 
( 1991) suggested that nuclear genes may be exchanged less freely between species of 
oak than are chloroplast genomes. 
Only two instances of nuclear introgression in the absence of cytoplasmic 
introgression have been reported in plants (Wagner et al., 1987; Arnold et al., 1991 ). 
lntrogression of morphological features (Critchfield, 1985), terpenoids (Forrest, 1980), 
INTROGRESSION AND ITS CONSEQUENCES IN PLANTS 87 
and allozymes (Wheeler and Guries, 1987) has been detected between populations of 
Pinus contort a (lodgepole pine) and Pinus banksiana (jack pine). In contrast, extensive 
sampling ofsympatric and allopatric populations (including some of the same popu-
lations used in the previous studies) with reference to species-specific cpDNA markers 
revealed no evidence of cytoplasmic introgression (Wagner et al., 1987). Likewise, 
examination of nuclear markers support a hypothesis of bidirectional nuclear 
introgression between Irisfitlva and I. hexagona (Arnold et al., 1990a,b, 1991; see Ch. 
5). Little cpDNA introgression was observed, however, suggesting that localized and 
dispersed introgression between these species is largely due to pollen transfer (Arnold 
et al., 1991). 
Cytoplasmic and nuclear gene flow patterns are often different in animals as well, 
usually with cytoplasmic genes being exchanged more freely (e.g., Ferris et al., 1983; 
Powell, 1983; Carr et al., 1986; Gyllensten and Wilson, 1987; Tegelstrom, 1987; Mar-
chant, 1988; Aubert and Solignac, 1990). In contrast, several studies have demon-
strated roughly equivalent frequencies of nuclear and cytoplasmic gene flow (e.g., 
A vise eta!., 1984; Syzmura et a!., 1986; Harrison eta!., 1987). 
A number of hypotheses have been proposed to explain the different frequencies 
of cytoplasmic and nuclear gene flow in animals and plants (Barton and Jones, 1983; 
Powell, 1983; Gyllensten and Wilson, 1987; Aubert and Solignac, 1990; Rieseberg et 
a!., 1991 a,b; Wendel et a!., 1991; Rieseberg and Soltis, 1991 ). One possibility is selec-
tion against alien nuclear genes but not against cytoplasmic genes (Barton and Jones, 
1983; Powell, 1983). Selection against several loci scattered throughout the nuclear 
genome could greatly reduce overall nuclear gene flow due to linkage (Barton and 
Bengtsson, 1986; Whittemore and Schaal, 1991 ). 
A second possibility is positive selection for cytoplasmic genes but not nuclear 
genes (Riese berg eta!., 1991 a). Frank ( 1989) has shown that a native cytoplasm could 
be largely replaced by an alien one if the latter has a slight fitness advantage conferred 
by relative ovule success. This process would be promoted by cytoplasmic male steril-
ity (CMS). In this aspect, it is noteworthy that CMS has been observed in a number of 
interspecific crosses in Helianthus (see Rieseberg and Seiler, 1990) and Gossypium 
(Meyer, 1975). Alternatively, differential gene flow could result from differential fit-
ness among cytoplasmic-nuclear combinations (Wendel eta!., 1991 ), whereby natural 
selection favors a particular alien/native cytoplasmic-nuclear combination. 
A third possible mechanism, which may not be wholly separable from CMS, 
involves a small number of female immigrants of one species deposited into a popu-
lation of another (Aubert and Solignac, 1990). Male sterility in first generation hybrids 
and first generation back crosses could quickly lead to a small population of individuals 
containing alien cytoplasms. Individuals from subsequent generations would possess 
nuclear genomes that are increasingly indistinguishable from those of the host popu-
lation. Similar results might be expected from the introduction of a hybrid, male-ster-
ile propagule into a host population (Gyllensten and Wilson, 1987). This model may 
be the only one that can account for the rapid (<50 years) replacement of the native 
H. petiolaris cytoplasm with that of H. annuus in the Southern California race of H. 
petiolaris. It is noteworthy that the first generation hybrids of H. annuus and H. petio-
laris are sometimes male-sterile due to CMS (Rieseberg, unpublished). 
Other mechanisms, such as semigamy, may promote unidirectional cytoplasmic 
introgression (Wendel et al., 1991 ). Semigamy is a form of facultative apomixis 
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whereby gamete fusion occurs without nuclear fusion, resulting in progeny that may 
include maternal haploids, paternal haploids, and chimeric maternal/paternal plants 
(Turcotte and Feaster, 1967). Wendel et al. ( 1991) pointed out that semigamy requires 
neither differential selection for cytotypes nor nuclear genes and can result in the fix-
ation of the nuclear genome of a male donor into a foreign cytoplasm in a single gen-
eration. In this context, it may be significant that Gossypium bickii represents one of 
only two reasonably well-documented examples of the complete replacement of a 
native cytoplasm by an alien one (see also Smith and Sytsma, 1990). 
Regardless of the mechanism responsible for cytoplasmic gene flow in the 
absence of significant nuclear gene flow, the process leads to several implications and 
conclusions. First, most botanists appear to accept the view that hybridization and 
introgression are frequent, yet ignore their potential implications for phylogenetic 
reconstruction [see Funk ( 1985) and McDade (1990) for notable exceptions]. Ironi-
cally, it is precisely this framework, i.e., the estimation of both nuclear and organellar 
phylogenies, that is responsible for the detection of many cases of introgression, 
although other evolutionary processes, such as random lineage sorting, can also result 
in patterns of discordance similar to those resulting from introgression. Nonetheless, 
the susceptibiijty of cytoplasmic organelles to introgression, which results in biphyletic 
organisms, suggests that caution be exercised in the use of organellar sequences for 
phylogenetic reconstruction. We suggest that an important area of future research is 
the development of algorithms for phylogeny reconstruction that are designed to 
account for reticulation. 
Second, the degree of similarity between hybridizing species is potentially asso-
ciated with their ability to exchange cytoplasms. Conversely, the effects of cytoplasmic 
exchange are more profound for divergent species than for closely related ones. One 
likely result is CMS, which is usually thought to arise from "incompatibility" between 
nuclear and cytoplasmic factors. It is also possible that cytoplasmic exchange between 
divergent species could lead to the formation of a new species as has been proposed for 
G. bickii (Wendel et al., 1991). Cytoplasmic transfer between closely related species 
generally has not been proposed as a common mechanism for speciation (e.g., Doe-
bley, 1989a; Rieseberg et al., 1991a,b; Soltis et al., 1991; Whittemore and Schaal, 
1991). 
PROPOSED CONSEQUENCES OF INTROGRESSION 
Evidence indicating that introgression is common in plants leads naturally to the ques-
tion of its evolutionary significance. More specifically, which consequences of 
introgression, among the several envisioned by Anderson ( 1949) and others, are evi-
dent from empirical data? As indicated in Table 4-1, a number of consequences have 
been proposed, including increased genetic diversity, transfer of adaptations, origin of 
adaptations, origin of ecotypes or species, and breakdown or reinforcement of isolat-
ing barriers. Introgression has also been suggested as promoting colonization and as a 
dispersal mechanism (Potts and Reid, 1988). Each of these consequences is of poten-
tial interest from an evolutionary perspective. An additional consequence of an 
entirely different nature, however, emerges from phylogenetic considerations; i.e., 
introgression, by definition, involves reticulations, thereby rendering the reconstruc-
tion of evolutionary histories more difficult, regardless of specific biological conse-
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q u e n c e s .  F i n a l l y ,  t h e  p o s s i b l e  e s c a p e  o f  g e n e t i c a l l y  e n g i n e e r e d  g e n e s  f r o m  c r o p  p l a n t s  
t h r o u g h  i  n t r o g r e s s i o n  i n t o  w i l d  r e l a t i v e s  p r o v i d e s  a n  e x a m p l e  o f  a  p o t e n t i a l l y  e c o n o m -
i c a l l y  a n d  e n v i r o n m e n t a l l y  s i g n i f i c a n t  c o n s e q u e n c e  o f i n t r o g r e s s i o n .  
E v i d e n c e  f o r  e a c h  o f  t h e  c o n s e q u e n c e s  l i s t e d  a b o v e  i s  d i s c u s s e d  i n  t h e  f o l l o w i n g  
p a r a g r a p h s .  T h e s e  v a r i o u s  c o n s e q u e n c e s  a r e  n o t  m u t u a l l y  e x c l u s i v e ;  f o r  e x a m p l e ,  t h e  
a b i l i t y  t o  c o l o n i z e  n e w  h a b i t a t s  i s  e x p e c t e d  t o  r e s u l t  f r o m  i n t r o g r e s s i o n  o f  c e r t a i n  n e c -
e s s a r y  a d a p t a t i o n s .  
I n c r e a s e  i n  G e n e t i c  D i v e r s i t y .  A s  d i s c u s s e d  a b o v e ,  e a r l y  a u t h o r s  s a w  i n t r o g r e s s i o n  a s  
a n  i m p o r t a n t  s o u r c e  o f  g e n e t i c  v a r i a t i o n ,  n o t i n g  t h a t  o b v i o u s l y  i n t r o g r e s s i v e  p o p u l a -
t i o n s  s h o u l d  e x h i b i t  a l l e l e s  o f  b o t h  p a r e n t s  a s  w e l l  a s  n e w  s i n g l e  a n d  m u l t i l o c u s  g e n o -
t y p e s .  T h u s  e s t i m a t e s  o f  g e n e t i c  d i v e r s i t y  c a l c u l a t e d  f r o m  m o l e c u l a r  m a r k e r s  a n d  m o r -
p h o l o g i c a l  c h a r a c t e r s  a r e  e x p e c t e d  t o  b e  h i g h e r  i n  i n t r o g r e s s a n t  p o p u l a t i o n s .  S l i g h t l y  
l e s s  o b v i o u s  i s  t h e  p r e d i c t i o n  t h a t  n e w  a l l e l e s  m a y  b e  p r o d u c e d  t h r o u g h  i n t r a g e n i c  
r e c o m b i n a t i o n  o r  o t h e r  p r o c e s s e s  ( G o l d i n g  a n d  S t r o b e c k ,  1 9 8 3 ) .  I r r e s p e c t i v e  o f  t h e  
p o t e n t i a l  g e n e r a t i o n  o f  n o v e l  a l l e l e s ,  i n c r e a s e d  g e n e t i c  d i v e r s i t y  h a s  b e e n  s u g g e s t e d  a s  
p o s s i b l y  a l t e r i n g  a d a p t i v e  p o t e n t i a l s  o f  i n t r o g r e s s a n t  p o p u l a t i o n s  ( L e w o n t i n  a n d  
B i r c h ,  1 9 6 6 ) .  
W e  a r e  a w a r e  o f  n o  e v i d e n c e  i n  t h e  p l a n t  l i t e r a t u r e  r e g a r d i n g  t h e  g e n e r a t i o n  o f  
n o v e l  a l l e l e s  o r  " h y b r i z y m e s "  ( W o o d r u f f ,  1 9 8 9 )  a s  a  c o n s e q u e n c e  o f  h y b r i d i z a t i o n  o r  
i n t r o g r e s s i o n ,  i n  c o n t r a s t  t o  t h e  a n i m a l  l i t e r a t u r e  w h e r e  h y b r i z y m e s  h a v e  b e e n  
r e p o r t e d  i n  h y b r i d  z o n e s  i n v o l v i n g  m a m m a l s ,  b i r d s ,  r e p t i l e s ,  a m p h i b i a n s ,  a n d  i n s e c t s  
( r e v i e w e d  i n  W o o d r u f f ,  1 9 8 9 ) .  I n c r e a s e d  g e n e t i c  d i v e r s i t y ,  t h o u g h ,  i s  f r e q u e n t l y  
r e p o r t e d  i n  h y b r i d i z i n g  p l a n t  p o p u l a t i o n s .  H y b r i d i z i n g  p o p u l a t i o n s  o f  w h i t e  a n d  y e l -
l o w  l a d y s l i p p e r  o r c h i d s  ( C y p r i p e d i u m ) ,  f o r  e x a m p l e ,  c o n t a i n  c o n s i d e r a b l y  h i g h e r  m o r -
p h o l o g i c a l  a n d  a l l o z y m e  v a r i a b i l i t y  t h a n  d o  a l l o p a t r i c  p o p u l a t i o n s  o f  e i t h e r  s p e c i e s  
( K l i e r  e t  a l . ,  1 9 9 1  ) .  S i m i l a r l y ,  l a r g e  i n c r e a s e s  i n  a l l e l i c  p o l y m o r p h i s m  ( u p  t o  4 0 %  
g r e a t e r  t h a n  t h e  p a r e n t a l  t a x a )  w e r e  o b s e r v e d  i n  i n t r o g r e s s i v e  p o p u l a t i o n s  o f  t h r e e  A e s -
c u l u s  s p e c i e s  ( d e P a m p h i l i s  a n d  W y a t t ,  1 9 9 0 ) .  A  m o d e s t  i n c r e a s e  i n  a l l o z y m e  d i v e r s i t y  
w a s  o b s e r v e d  i n  i n t r o g r e s s i v e  p o p u l a t i o n s  o f  j a c k  a n d  l o d g e p o l e  p i n e s  ( W h e e l e r  a n d  
G u r i e s ,  1 9 8 7 ) .  I n  t h e s e  a n d  o t h e r  s t u d i e s ,  p a r a l l e l  i n c r e a s e s  i n  m o r p h o l o g i c a l  a n d  a l l o -
z y m e  v a r i a b i l i t y  a r e  o f t e n  o b s e r v e d .  T h i s  i s  n o t  a l w a y s  t h e  c a s e ,  h o w e v e r .  F o r  e x a m p l e ,  
i n t r o g r e s s i v e  p o p u l a t i o n s  o f  C l a r k i a  s p e c i o s a  s p p .  p o l y a n t h a  a r e  n o  m o r e  v a r i a b l e  
m o r p h o l o g i c a l l y  t h a n  t h e i r  p a r e n t a l  t a x a  ( B l o o m ,  1 9 7 6 ) ,  a l t h o u g h  t h e r e  i s  a  m o d e s t  
i n c r e a s e  i n  a l l o z y m e  d i v e r s i t y  ( S o l t i s ,  1 9 8 5 ) .  
W i t h  r e s p e c t  t o  g e n e t i c  d i v e r s i t y  p r e d i c t i o n s ,  i t  i s  i m p o r t a n t  t o  d i s t i n g u i s h  
b e t w e e n  r e c e n t l y  h y b r i d i z e d  o r  i n t r o g r e s s a n t  p o p u l a t i o n s  ( i . e . ,  w i t h  r e c e n t  b i p a r e n t a l  
g e n e  f l o w )  a n d  s t a b i l i z e d  i n t r o g r e s s a n t s  t h a t  a r e  r e p r o d u c t i v e l y  i s o l a t e d  f r o m  t h e i r  
p a r e n t a l  t a x a .  I n  t h e  l a t t e r ,  o n e  m i g h t  e x p e c t  g e n e t i c  d r i f t  o r  p o p u l a t i o n  b o t t l e n e c k s  t o  
d e c r e a s e  g e n e t i c  v a r i a b i l i t y  r e l a t i v e  t o  p r o g e n i t o r  p o p u l a t i o n s ,  a  p r e d i c t i o n  t h a t  h a s  
b e e n  c o n f i r m e d  f o r  s e v e r a l  s p e c i e s  o f  h y b r i d  o r  i n t r o g r e s s a n t  o r i g i n .  I n  H e l i a n t h u s  
( s u n f l o w e r s ) ,  f o r  e x a m p l e ,  d r a m a t i c  d e c r e a s e s  i n  o v e r a l l  g e n e t i c  d i v e r s i t y  w e r e  
o b s e r v e d  f o r  t h r e e  s p e c i e s  o f  h y b r i d  o r  i n t r o g r e s s i v e  o r i g i n :  H .  a n o m a l u s ,  H .  d e s e r t i -
c o l a ,  a n d  H .  p a r a d o x u s  ( F i g .  4 - 4 )  R i e s e  b e r g  e t  a l . ,  1 9 9 0 b ,  1 9 9 1 ;  R i e s e  b e r g ,  1 9 9 1  ) .  
H e l i a n t h u s  p a r a d o x u s  a n d  H .  d e s e r t i c o l a  w e r e  p o l y m o r p h i c  a t  o n l y  I  o f  1 7  l o c i  e x a m -
i n e d ,  w h e r e a s  H .  a n o m a / u s  w a s  p o l y m o r p h i c  a t  3  o f  1 7  l o c i .  T h e  n u m b e r  o f  p o l y m o r -
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Figure 4-4. Phylogenetic estimate of Helianthus section Helianthus based on chloroplast DNA 
and nuclear ribosomal DNA variation. The phylogenetic tree was constructed as follows: (I) six 
taxa ofbiphyletic origin were removed from the data matrix: (2) Wagner parsimony analysis was 
performed on the remaining 19 taxa, resulting in the strict consensus tree presented in this figure; 
and (3) the six hybrid taxa were then added as parsimoniously as possible to the appropriate 
nodes of the consensus tree (dashed lines) demonstrating reticulate evolution. In the case of H. 
debilis ssp. silvestris the dashed lines simply indicate the capture of a foreign cytoplasm; no alien 
nuclear genes were detected. The consistency of the phylogenetic tree, including reticulations, 
was 0.85. Taxon designations are given at the ends of the branches, and the number of mutations 
are given above the branches. Autapomorphies are not shown. Percentages indicate the number 
of times a monophyletic group occurred in I 00 bootstrap samples. (From Riese berg, 1991. With 
permission.) 
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in H. petiolaris. Rieseberg et al. ( 1990b) attributed the low levels of genetic diversity 
to founder events following hybrid or "recombinational" speciation (Grant, 1981 ). 
Increases in genetic diversity attributable to introgression have also been observed 
in several domesticated species of Gossypium (Wendel et al., 1989; Percy and Wendel, 
1990). For example, at least 5 of 10 polymorphic loci in G. herbaceum (one of the two 
species of Old World cultivated cottons) are biallelic rather than monomorphic as a 
result of introgression (Wendel et al., 1989). A similar, though less extreme, effect is 
probable with the other Old World cultivated cotton, G. arboreum; perhaps 3 or 4 of 
11 polymorphic loci are polymorphic owing to introgression (Wendel et al., 1989). 
Introgression also appears to have contributed to allelic diversity in improved varieties 
of one of the New World cultivated cottons, G. barbadense. Ofthe 20 polymorphic 
loci detected in cultivars of G. barbadense, nine were polymorphic owing to introgres-
sion alone (Percy and Wendel, 1990). Thus introgression appears to be responsible for 
much of the genetic diversity observed in cultivated cottons. 
Transfer of Adaptations. A potentially significant consequence of introgression, 
transfer of adaptation, has often been proposed, but it is a difficult process to verify 
experimentally. Even when introgression has been "unambiguously" demonstrated, 
as with molecular data, it need not imply that adaptively significant genes were also 
transferred (Rieseberg et al., 1990a). It might be argued that the detection ofintrogres-
sion is synonymous with the transfer of adaptations, as hybrid zone theory predicts 
that advantageous alleles will cross species barriers more readily than neutral markers 
(Barton and Bengtsson, 1986). However, the great preponderance of"neutral" molec-
ular markers relative to advantageous alleles leave us to consider this assumption pre-
mature. Furthermore, similar selection pressures could produce convergent morpho-
logical responses in certain adaptively significant features. It may be a common 
consequence of similar apomorphic tendencies in related species (Mayr, 1942). 
Finally, and most problematically, it is difficult to distinguish between transfer of 
adaptations and simple gene flow even where segregating admixtures contain individ-
uals with morphological features of one species growing in the characteristic environ-
ment of the other. This general problem may be illustrated by ladyslipper orchid pop-
ulations from Iowa (Klier et al., 1991 ). White and yellow ladyslipper orchid species are 
ecologically separated: The former occurs in prairies and other open vegetation types, 
and the latter is restricted to forest understory. Whenever the two species are parapatric 
in Iowa, they hybridize, resulting in the formation of hybrid swarms in the prairie. 
Allozyme and morphological data suggest that "yellow" ladyslipper individuals (i.e., 
morphological "yellows" containing no "white" marker alleles) occur in the prairie. 
The key question is whether the ability of these "yellows" to survive in the drier, 
brighter prairie has been transferred from white to yellow ladyslipper via differential 
selection on genetically recombinant progeny, or establishment of "yellows" in the 
prairie has been independent of these "white" genes. Distinguishing between these 
alternatives seems to require both an understanding of the genetic basis for habitat 
preference and reciprocal transplant studies on a variety of genetically defined parental 
and hybrid classes. 
Despite these experimental difficulties, the literature contains several examples of 
putative interspecific transfer of adaptations (Table 4-1 ). Stutz and Thomas ( 1964), 
for example, suggested that the lowered palatability to herbivores of certain popula-
tions of Purshia tridentata has resulted from its acquisition of this characteristic via 
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introgression with Cowania stansburyana. The two species are sympatric in Utah, and 
hybridization is common wherever they come into contact. Although Cowania does 
not occur north of Utah, Purshia populations north of Utah express some of Cowan-
ia's morphological characters. This situation is thought to have been promoted by 
some selective advantage for recombinant progeny, such as lowered palatability, 
which has been observed in a number of Purshia populations from the northern por-
tion of its range. However, as pointed out by Heiser (1973), introgression is only one 
of several plausible explanations for this pattern of variation. 
Helianthus provides several examples of the putative transfer of adaptations 
through introgression. For example, Heiser (1947, 1949b, 1951a,b, 1954, 1965) sug-
gest that the most widespread species, H. annuus, was able to expand its range by 
introgression with native species already locally adapted. In his view, this process 
resulted in the formation of introgressive races varying toward H. debilis, H. argo-
phy/lus, H. petiolaris, and perhaps H. bolanderi. Molecular evidence provides some 
support for this interpretation, in that introgression between these species and H. 
annuus, as either the donor or recipient species, has been documented (Rieseberg et 
a!., 1990a, b; Riese berg, 1991 ). Likewise, Heiser ( 19 51 a) presented evidence suggesting 
that H. annuus was able to invade eastern Texas by "capturing" advantageous alleles 
of H. debilis ssp. cucumerifo/ius, a species already adapted to the area. Rieseberg et al. 
( l990a, p. 596) provided detailed molecular evidence for introgression in this case but 
noted that it "does not necessarily prove that the introgression of H. debilis ssp. cuc-
umerifolius into H. annuus was in any way adaptive." In a more recent study, Heiser 
( 1979) examined three hybrid populations of H. divaricatus (a species of open habi-
tats) and H. microcephalus (a species found in shaded areas) over a 22-year period; 
considerable hybridity was still evident in one population at the end of this period, 
probably as a result of continued site disturbance. Although the habitat had become 
more closed at the other two sites, H. divaricatus was dominant at one site and the sole 
species found at the second site. Heiser suggested that H. divaricatus may owe its 
increased shade tolerance to introgression of genes from H. microcephalus. 
Similar situations have been suggested for other plant groups. Harlan and de Wet 
( 1963) proposed that assimilation of local gene pools by Bothriochloa intermedia, a 
widespread grass species, allowed it to increase its geographic range and ecological tol-
erance. They introduced the term "compilospecies" to describe those species that, to 
use their imaginative expression, are "genetically aggressive, plundering related spe-
cies of their heredities." 
Origin of New Adaptations. It has long been evident that hybrids may have charac-
ters absent from both parents. Frequently cited examples include (I) bizarre corolla 
appendages in certain Antirrhinum crosses (Hagedoorn, 1921 ); (2) larger corollas in 
the hybrid of Nicotiana langsdooifz X a lata than those observed in either parent (Steb-
bins, 1966); and (3) novel secondary compounds in Baptisia (Alston and Simmons, 
1962). Although it is difficult to assign an "adaptive value" to each character, it seems 
likely that these new characters will have novel adaptive potentials. These novel char-
acters are thought to result from recombination among parental genes leading to novel 
multilocus genotypes, rather than the generation of new alleles. However, empirical 
evidence suggests that novel alleles or hybrizymes may also be produced by hybridiza-
tion. For example, hybrizymes were observed in 19 of the 23 electrophoretic surveys 
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9 3  
o f  h y b r i d  z o n e s  r e v i e w e d  b y  B a r t o n  a n d  H e w i t t  (  1 9 8 5 )  a n d  h a v e  n o w  b e e n  r e p o r t e d  
f o r  m o s t  m a j o r  g r o u p s  o f  a n i m a l s  ( W o o d r u f f ,  1 9 8 9 ) .  S e v e r a l  e x p l a n a t i o n s  o f  t h i s  o b s e r -
v a t i o n  h a v e  b e e n  p r o p o s e d :  i n c r e a s e d  m u t a t i o n  r a t e s  i n  h y b r i d s ,  r e d u c e d  s e l e c t i o n ,  
a n d  i n t r a g e n i c  r e c o m b i n a t i o n  b e t w e e n  d i f f e r e n t  a l l e l e s  o f  t h e  p a r e n t a l  s p e c i e s  
( r e v i e w e d  i n  G o l d i n g  a n d  S t r o b e c k ,  1 9 8 3 ,  a n d  W o o d r u f f ,  1 9 8 9 ) .  
T h e s e  n e w  a l l e l e s  a n d  g e n e t i c  c o m b i n a t i o n s  m a y  b e  v i e w e d  a s  t h e  " r a w  m a t e r i a l  
f o r  e v o l u t i o n "  ( A n d e r s o n ,  1 9 4 9 ) .  E x p e r i m e n t a l  e v i d e n c e  t h a t  b e s t  s u p p o r t s  t h i s  p o s -
s i b i l i t y  c o m e s  f r o m  f r u i t  f l i e s  r a t h e r  t h a n  p l a n t s .  L e w o n t i n  a n d  B i r c h  (  1 9 6 6 )  s h o w e d  
t h a t  i n t r o g r e s s e d  p o p u l a t i o n s  o f  D a c u s  t r y o n i  w e r e  b e t t e r  a b l e  t o  a d a p t  t o  h i g h e r  t e m -
p e r a t u r e  r e g i m e n s  t h a n  p o p u l a t i o n s  o f  e i t h e r  p a r e n t a l  s p e c i e s .  
A l t h o u g h  t h e r e  a r e  n o  c o m p a r a b l e  e x p e r i m e n t a l  s t u d i e s  i n  p l a n t s ,  t h e r e  i s  c i r c u m -
s t a n t i a l  e v i d e n c e  f o r  t h e  o r i g i n  o f  a d a p t a t i o n s  t h r o u g h  h y b r i d i z a t i o n .  R i e s e  b e r g  (  1 9 9 1 )  
p o i n t e d  o u t  t h a t  t h e  t h r e e  s t a b i l i z e d  h y b r i d  d e r i v a t i v e s  o f  H e l i a n t h u s  a n n u u s  a n d  H .  
p e t i o l a r i s  h a v e  n o t a b l e  e c o l o g i c a l  p r e f e r e n c e s .  H e l i a n t h u s  a n o m a l u s  a n d  H .  d e s e r t i -
c o l a  a r e  x e r i c a l l y  a d a p t e d  s u n f l o w e r s  e n d e m i c  t o  d e s e r t  s a n d  d u n e s  a n d  s w a l e s  o f  t h e  
s o u t h w e s t e r n  U n i t e d  S t a t e s ,  w h e r e a s  H .  p a r a d o x u s  o c c u r s  i n  b r a c k i s h ,  s a l i n e ,  m a r s h y  
a r e a s  i n  w e s t  T e x a s .  B o t h  o f  t h e s e  h a b i t a t s  a r e  e x t r e m e  r e l a t i v e  t o  e i t h e r  p a r e n t ;  H .  
a n n u u s  o c c u r s  i n  h e a v y  s o i l s  t h a t  a r e  s a t u r a t e d  i n  t h e  s p r i n g  b u t  d r y  b y  m i d s u m m e r ,  
a n d  H .  p e t i o l a r i s  o c c u r s  i n  d r i e r ,  b u t  n o t  x e r i c ,  s a n d y  s o i l s .  R i s e  b e r g  (  1 9 9 1 )  s u g g e s t e d  
t h a t  t h e s e  n e w  e c o l o g i c a l  p r e f e r e n c e s  " p r o v i d e  s o m e  s u p p o r t  f o r  t h e  v i e w  o f  h y b r i d -
i z a t i o n  a s  a  s i g n i f i c a n t  s o u r c e  o f  g e n e t i c  n o v e l t y  u p o n  w h i c h  s e l e c t i o n  c a n  a c t . "  
O r i g i n  o f  N e w  T y p e s .  T h e  e v o l u t i o n a r y  c o n s e q u e n c e s  o f h y b r i d i z a t i o n  a n d  i n t r o g r e s -
s i o n  m o s t  f r e q u e n t l y  e m p h a s i z e d  b y  p l a n t  s y s t e m a t i s t s  i s  t h e  g e n e r a t i o n  o f  n e w  h o m -
o p l o i d  t a x a .  I n  f a c t ,  n e a r l y  4 0 %  o f  t h e  e x a m p l e s  l i s t e d  i n  T a b l e  4 - 1  p r o p o s e  t h e  o r i g i n  
o f  a  n e w  e c o t y p e  o r  s p e c i e s  a s  a  c o n s e q u e n c e  o f  i n t r o g r e s s i o n .  T h e s e  n e w  t y p e s  a r e  
o f t e n  r e f e r r e d  t o  a s  s t a b i l i z e d  i n t r o g r e s s a n t s  i n  t h e  p l a n t  l i t e r a t u r e ,  i . e . ,  p o p u l a t i o n s  
t h a t  b r e e d  t r u e  f o r  a n  a l i e n  a l l e l e  ( o r  a l l e l e s ) .  P e r h a p s  t h e  f i r s t  s t u d y  t o  p r o v i d e  e v i d e n c e  
t h a t  n e w  e c o t y p e s  o r  s p e c i e s  c o u l d  b e  d e r i v e d  t h r o u g h  i n t r o g r e s s i o n  i s  t h a t  o f  D a n s e r -
e a u  (  1 9 4 1 )  i n  t h e  g e n u s  C i s t u s .  C i t i n g  m o r p h o l o g i c a l  e v i d e n c e ,  h e  s u g g e s t e d  t h a t  t h e  
N o r t h  A f r i c a n  v a r i e t y  o f  C .  l a d a n i f e r u s  o r i g i n a t e d  t h r o u g h  t h e  i n t r o g r e s s i o n  o f  C .  l a u r -
( { o l i a s  i n t o  t h e  t y p i c a l  v a r i e t y  o f  C .  l a d a n ( { e r u s ,  w h i c h  i s  r e s t r i c t e d  t o  t h e  I b e r i a n  p e n -
i n s u l a  a n d  s o u t h e r n  F r a n c e .  C i s t u s  l a u r i f o l i a s  i s  s y m p a t r i c  w i t h  b o t h  v a r i e t i e s ,  f i r s t  
g e n e r a t i o n  h y b r i d s  a r e  o f t e n  o b s e r v e d  w h e r e  t h e  s p e c i e s  o c c u r  t o g e t h e r ,  a n d  a l l  t h e  
m o r p h o l o g i c a l  d i f f e r e n c e s  t h a t  d i s t i n g u i s h  N o r t h  A f r i c a n  C .  l a d a n i f e r u s  f r o m  t y p i c a l  
C .  l a d a n i f e r u s  a r e  i n  t h e  d i r e c t i o n  o f  C .  l a u r i f o l i a s .  T h e  f i r s t  d e t a i l e d  e v i d e n c e  f o r  t h e  
o r i g i n  o f  a  n e w  t y p e  t h r o u g h  i n t r o g r e s s i o n  w a s  p r e s e n t e d  b y  H e i s e r  (  1 9 4 9 b )  i n  H e / i a n -
t h u s .  H e  u s e d  m o r p h o l o g i c a l ,  c y t o l o g i c a l ,  g e n e t i c ,  a n d  e c o l o g i c a l  d a t a  t o  p o s t u l a t e  t h a t  
a  d i s t i n c t  w e e d y  e c o t y p e  o f  H .  b o l a n d e r i ,  a  n a t i v e  s u n f l o w e r  o f  C a l i f o r n i a ,  o r i g i n a t e d  
t h r o u g h  i n t r o g r e s s i o n  o f  g e n e s  f r o m  t h e  r e c e n t l y  i n t r o d u c e d  H .  a n n u u s  i n t o  t y p i c a l  H .  
b o l a n d e r i .  I r o n i c a l l y ,  m o l e c u l a r  s t u d i e s  ( R i e s e b e r g  e t  a l . ,  1 9 8 8 a , b )  h a v e  f a i l e d  t o  c o n -
f i r m  t h e  o c c u r r e n c e  o f i n t r o g r e s s i o n  i n  t h i s  c a s e .  I n  c o n t r a s t ,  m o l e c u l a r  e v i d e n c e  R i e -
s e b e r g  e t  a l .  (  1 9 9 0 a )  d o e s  s u p p o r t  t h e  h y p o t h e s i z e d  o r i g i n  o f  H e l i a n t h u s  a n n u u s  s s p .  
t e x a n u s  b y  t h e  i n t r o d u c t i o n  o f  H .  a n n u u s  i n t o  T e x a s  a n d  s u b s e q u e n t  i n t r o g r e s s i o n  o f  
g e n e s  f r o m  H .  d e b i l i s  s s p .  c u c u m e r i f o l i u s  i n t o  H .  a n n u u s  ( H e i s e r ,  1 9 5 1  b ) .  
T h e  o r i g i n  o f  s t a b i l i z e d  n e w  t y p e s  t h r o u g h  i n t r o g r e s s i o n  h a s  b e e n  s u g g e s t e d  f o r  
m a n y  o t h e r  g r o u p s  o f  p l a n t s  ( T a b l e  4 - 1  ) .  F o r  e x a m p l e ,  L e v i n  a n d  c o w o r k e r s  p o s t u l a t e  
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an introgressive origin for Phlox divaricata ssp. laphamii (Levin, 1967), P. maculata 
ssp. pyramidalis (Levin, 1963, 1966), P. pilosa ssp. deameii (Levin and Smith, 1966), 
and P. amoena ssp. lightipei (Levin and Smith, 1966). Other genera with large num-
bers of proposed stabilized introgressants include Gilia (Grant, 1950, 1963; Grant and 
Grant, 1960), Quercus (Wolf, 1944; Muller, 1952; Tucker, 1952), and Salix (Bruns-
feld, 1990). In addition, there are numerous examples where hybrid ~warms or pop-
ulations of stabilized introgressants appear to dominate disturbed or intermediate 
habitats: Helianthus annuus/H. bolanderi (Stebbins and Daly, 1961 ), Helianthus 
divaricatus/H. microcephalus (Heiser, 1979), Iris fulva/1. hexagona (Riley, 1938; 
Arnold et al., 1990a,b, 1991; see Ch. 5), Salvia apiana/S. mellifera (Epling, 194 7; 
Meyn and Emboden, 1987), and Cypripedium candidum/C. pubescens (Klier et al., 
1991 ). Many of these populations have been known to exist for more than 40 years, 
and there is no evidence to suggest that they are transient or ephemeral. Furthermore, 
in at least one instance (Stebbins and Daly, 1961 ), plants in the introgressive popula-
tion appear to have formed a chromosomal sterility barrier isolating them from the 
parental taxa. It seems likely, therefore, that some of these populations represent the 
first stage of diploid hybrid speciation. 
Models for the origin of new species through hybridization, without a change in 
chromosome number, have been developed by Grant (1949, 1958) and Stebbins 
( 1957). Grant ( 1949) suggested that a new species could be derived through hybridiza-
tion by the formation of an intermediate flower type and subsequent pollination by 
flower-constant insects. This mode of hybrid speciation, which has been postulated for 
two species of Penstemon (Straw, 1955), would most likely occur ifbackcrossing of the 
hybrids to the parents (introgression) is minimal. Alternatively, some other "external" 
isolating barrier could serve to isolate the hybrids from their parents (Grant, 1981 ). 
A second model for the diploid hybrid origin of a species requires the develop-
ment of chromosomal sterility barriers between the neospecies and its parents; this 
process has been termed "recombinational speciation" by Grant (1981 ). The basic 
model (Stebbins, 1957; Grant, 1958, 1981) can be summarized as follows: (I) Two 
parental species are distinguished by two or more separable chromosome rearrange-
ments; (2) their partially sterile hybrid gives rise to new homozygous recombinant 
types for the rearrangements; and (3) the new recombinant types are fertile inter se but 
at least partially sterile with both parents. This model has been experimentally verified 
by the synthesis of new "hybrid" species in Gilia (Grant, 1966a,b), Nicotiana (Smith 
and Daly, 1959), Elymus (Stebbins, 1957), and Crepis (Gerrassimova, 1939). Fur-
thermore, at least four wild plant species are now thought to have been derived through 
this process: Stephanomeria diegensis (Gallez and Gottlieb, 1982) and Helianthus par-
adoxus, H. anomalus, and H. deserticola (Fig. 4-4) (Rieseberg et al., 1990b; Riese berg, 
1991 ). In the latter three cases, the chromosomal sterility barriers isolating the hybrid 
species from their parents are known to be a consequence of their hybrid origin. 
These two models clearly are not the only possible means by which reproductive 
isolation of a nascent hybrid taxon may occur. Other plant species, for which circum-
stantial evidence suggests a biphyletic origin (Table 4-1 ), may have been derived by the 
processes modeled above or by some other unknown mechanism. With respect to 
some species, however, it seems clear that neither of the above models is appropriate. 
For example, Gossypium bickii, which may have originated through an ancient hybrid 
speciation event (Wendel et al., 1991 ), is interfertile with its putative paternal lineage, 
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a p p e a r s  t o  l a c k  c h r o m o s o m a l  r e a r r a n g e m e n t s ,  a n d  h a s  a  f l o r a l  m o r p h o l o g y  t h a t  i s  s i m -
i l a r  t o  o n e  o f  i t s  t w o  p u t a t i v e  p a r e n t s .  
R e p r o d u c t i v e  B a r r i e r s .  J n t r o g r e s s i o n  i s  u s u a l l y  t h o u g h t  t o  r e d u c e  t h e  s t r e n g t h  o f  
r e p r o d u c t i v e  i s o l a t i o n  b a r r i e r s  a n d  s o m e t i m e s  e v e n  l e a d  t o  t h e  m e r g e r  o f  t w o  f o r m e r l y  
i s o l a t e d  t a x a  ( e . g . ,  a s  i n  t h e  c o m p i l o s p e c i e s  c o n c e p t  o f  H a r l a n  a n d  d e  W e t ,  1 9 6 3  ) .  H o w -
e v e r ,  o n e  p o t e n t i a l  o u t c o m e  o f  h y b r i d i z a t i o n  i s  a c t u a l  r e i n f o r c e m e n t  o f  r e p r o d u c t i v e  
i s o l a t i n g  m e c h a n i s m s  ( s e e  C h .  3 ) .  I t  u s u a l l y  o c c u r s  t h r o u g h  r e p r o d u c t i v e  c h a r a c t e r  d i s -
p l a c e m e n t  ( e . g . ,  L e v i n  a n d  K e r s t e r ,  1 9 6 7 ;  L e v i n ,  1 9 8 5 ;  W h a l e n ,  1 9 7 8 ) ,  w h i c h  i n  t h e  
e x t r e m e  s h o u l d  l e a d  t o  a  c e s s a t i o n  o f  h y b r i d i z a t i o n  a n d  t h e r e f o r e  o f  i n t r o g r e s s i o n .  
A l t h o u g h  r e i n f o r c e m e n t  o f  i s o l a t i n g  b a r r i e r s  i s  n o t  g e n e r a l l y  a s s o c i a t e d  w i t h  i n t r o g r e s -
s i o n ,  t h e r e  a r e  a  f e w  c a s e s  w h e r e  i n t r o g r e s s i o n  a p p e a r s  t o  b e  p r o c e e d i n g  i n  o n e  a r e a  o f  
a  s p e c i e s  r a n g e  a n d  r e p r o d u c t i v e  b a r r i e r  r e i n f o r c e m e n t  i s  t a k i n g  p l a c e  i n  a n o t h e r ,  e . g . ,  
C a l y p t r i d i u m  m o n o s p e r m u m  ( H i n t o n ,  1 9 7 6 ) .  R e p r o d u c t i v e  b a r r i e r  r e i n f o r c e m e n t  
a p p e a r s  t o  h a v e  o c c u r r e d  i n  o t h e r  p l a n t s ,  b u t  t h e s e  p o p u l a t i o n s  s h o w  t r a c e s  o f  p a s t  
i n t r o g r e s s i o n  e v e n t s ,  e . g . ,  B .  b a r b a d e n s e / h i r s u t u m  ( P e r c y  a n d  W e n d e l ,  1 9 9 0 ) .  
T h e r e  i s  r e l a t i v e l y  l i t t l e  e v i d e n c e  i n  t h e  s y s t e m a t i c  l i t e r a t u r e  f o r  t h e  b r e a k d o w n  o f  
r e p r o d u c t i v e  b a r r i e r s  t h r o u g h  i n t r o g r e s s i o n ,  a l t h o u g h  n a t u r a l  o r  h u m a n  d i s t u r b a n c e  
h a s  c l e a r l y  a m e l i o r a t e d  e c o l o g i c a l  b a r r i e r s  t o  h y b r i d i z a t i o n  a n d  i n t r o g r e s s i o n  i n  m a n y  
g e n e r a  ( e . g . ,  A n d e r s o n ,  1 9 4 8 ;  S a u e r ,  1 9 5 7 ;  T u c k e r  a n d  S a u e r ,  1 9 5 8 ;  L e n z ,  1 9 5 9 ) .  S e v -
e r a l  l o n g - t e r m  s t u d i e s  o f  i n t r o g r e s s i v e  p o p u l a t i o n s  a r e  e s p e c i a l l y  r e l e v a n t  ( S t e b b i n s  
a n d  D a l y ,  1 9 6 1 ;  H a u b e r  a n d  B l o o m ,  1 9 8 3 ;  M e y n  a n d  E m b o d e n ,  1 9 8 7 ) .  S t e b b i n s  a n d  
D a l y  (  1 9 6 1 )  e x a m i n e d  a n  i n t r o g r e s s i v e  p o p u l a t i o n  o f  H .  b o l a n d e r i  a n d  H .  a n n u u s  o v e r  
a  9 - y e a r  p e r i o d .  T h e  t w o  s p e c i e s  d i f f e r  b y  t h r e e  o r  f o u r  r e c i p r o c a l  t r a n s l o c a t i o n s  ( H e i -
s e r ,  1 9 4 9 b ;  C h a n d l e r  e t  a l . ,  1 9 8 6  ) ,  a n d  f i r s t  g e n e r a t i o n  h y b r i d s  p r o d u c e  2 - 1 0 %  s t a i n -
a b l e  p o l l e n .  A  7 0 - 9 0 %  i n c r e a s e  i n  p o l l e n  v i a b i l i t y  w a s  o b s e r v e d  i n  i n t r o g r e s s i v e  p l a n t s  
b y  t h e  e n d  o f  t h e  9 - y e a r  p e r i o d ,  s u g g e s t i n g  a  b r e a k d o w n  o f  c h r o m o s o m a l  s t e r i l i t y  b a r -
r i e r s  i s o l a t i n g  t h e s e  s p e c i e s .  I n  a  s i m i l a r  s t u d y ,  M e y n  a n d  E m b o d e n  (  1 9 8 7 )  c o m p a r e d  
p o l l e n  v i a b i l i t i e s  f o r  h y b r i d  p o p u l a t i o n s  o f  S a l v i a  a p i a n a  a n d  S .  m e l l i f e r a  o v e r  a  3 0 -
y e a r  p e r i o d  a n d  d e m o n s t r a t e d  t h a t  p o l l e n  v i a b i l i t i e s  o f  i n t r o g r e s s e d  i n d i v i d u a l s  n o w  
a p p r o a c h  o r  e v e n  e q u a l  t h o s e  o f  t h e  p a r e n t a l  s p e c i e s ,  w h e r e a s  f i r s t  g e n e r a t i o n  h y b r i d s  
g e n e r a l l y  h a v e  l e s s  t h a n  5 0 %  s t a i n a b l e  p o l l e n .  P e r h a p s  t h e  m o s t  s t r i k i n g  e x a m p l e  o f  
t h e  a m e l i o r a t i o n  o f  c h r o m o s o m a l  s t e r i l i t y  b a r r i e r s  c o m e s  f r o m  a  1  0 - y e a r  s t u d y  o f  a  
c h r o m o s o m a l  h y b r i d  z o n e  b e t w e e n  C l a r k i a  n i t  e n s  a n d  C l a r k i a  s p e c i o s a  s s p .  p o l y a n t h a  
( B l o o m  a n d  L e w i s ,  1 9 7 2 ;  B l o o m ,  1 9 7 6 ;  H a u b e r  a n d  B l o o m ,  1 9 8 3 ) .  T h e y  d e m o n s t r a t e  
t h a t  h y b r i d i z a t i o n  b e t w e e n  t h e s e  t w o  c h r o m o s o m a l l y  d i f f e r e n t i a t e d  t a x a  h a s  r e s u l t e d  
i n  t h e  p r o d u c t i o n  a n d  e s t a b l i s h m e n t  o f  n e w  c h r o m o s o m e  a r r a n g e m e n t s  t h a t  s e r v e  t o  
" g e n e t i c a l l y  l i n k "  t h e  p a r e n t  s p e c i e s .  T h e s e  a r r a n g e m e n t s  h a v e  b e c o m e  d i s t r i b u t e d  
g e o g r a p h i c a l l y  a c r o s s  t h e  h y b r i d  z o n e  a l l o w i n g  f o r  g e n e  f l o w  b e t w e e n  t h e  p a r e n t a l  t a x a  
w i t h  l i t t l e  l o s s  o f  f e r t i l i t y .  
R i e s e b e r g  e t  a ! .  (  1 9 8 9 )  s u g g e s t e d  t h a t  C a l i f o r n i a ' s  r a r e s t  t r e e ,  C e r c o c a r p u s  t r a s -
k i a e ,  i s  i n  d a n g e r  o f  e x t i n c t i o n  o w i n g  t o  g e n e t i c  a s s i m i l a t i o n  b y  i t s  m o r e  w i d e s p r e a d  
c o n g e n e r ,  C .  b e t u l o i d e s .  T h e y  p o i n t e d  o u t  t h a t  a t  l e a s t  t w o  a n d  p o s s i b l y  a s  m a n y  a s  
f o u r  o f  t h e  s e v e n  r e m a i n i n g  C .  t r a s k i a e  i n d i v i d u a l s  a r e  o f  h y b r i d  o r  i n t r o g r e s s i v e  o r i -
g i n .  L i k e w i s e ,  B r o c h m a n n  (  1 9 8 4 )  p r o v i d e d  e v i d e n c e  o f  p o s s i b l e  e x t i n c t i o n  b y  s w a m p -
i n g  o f  A r g y r a n t h e m u m  c o r o n o p i f o l i u m ,  a  r a r e  e n d e m i c  t h a t  o c c u r s  i n  t w o  d i s j u n c t  
a r e a s  i n  o n e  o f  t h e  C a n a r y  I s l a n d s .  T h e  c o m m o n  m a r g u e r i t e ,  A .  f r u t e s c e n s ,  h a s  
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recently migrated as a weed along new roads into both areas of A. coronopifolium and 
forms extensive hybrid swarms with this species. We are not aware of other examples 
of plant species in danger of extinction due to introgression, although local extinction 
may be a frequent phenomenon. For example, Cypripedium candidum populations 
engaged in hybrid swarm formation with C. pubescens may no longer contain any 
"pure" individuals of the former species (Klier et al., 1991 ). A number of animal spe-
cies appear to be endangered by introgression, including the cutthroat trout (Allendorf 
and Leary, 1988}, Pecos pupfish (Echelle and Connor, 1989), yellow-crowned parakeet 
(Taylor, 1975}, Seychelles turtle dove (Cade, 1983), Mexican duck (Heusmann, 1974), 
red wolf(Mech, 1970; Wane and Jenks, 1991), Mojave chub, and Tecopa pupfish 
(Soltz and Naiman, 1978). 
Dispersal Mechanism. Potts and Reid ( 1988) suggested that hybridization via pollen 
dispersal may be of evolutionary significance as a means of gene dispersal where seed 
dispersal is more limited than pollen dispersal. They demonstrated that Eucalyptus 
risdonii is invading the range of E. amygdalina but suggested that the rate of coloni-
zation may be slowed by limited seed dispersal (Potts and Reid, 1985; Potts, 1986). 
Gene flow by pollen dispersal is suggested to be more widespread, however. Potts and 
Reid proposed that E. risdonii "appears to be invading favorable habitat islands by 
gene flow through the more widespread species, E. amygdalina." 
Schemske and Morgan ( 1990) criticized this conclusion based on the "very low 
frequency of hybridization, potential bias in estimation of distance of interspecific 
gene flow, lack of information on the extent of intraspecific pollen dispersal distances, 
and occurrence of comparable levels of hybridization in both species." They suggested 
that the hybridization observed between E. amygdalina and E. risdonii might be more 
realistically viewed as an accidental consequence of the evolutionary history of these 
two species, rather than as an evolutionary advantage arising from increased dispersal 
potential. 
Phylogenetic and Taxonomic Consequences. Regardless ofthe adaptive importance 
of introgression, it is of great concern to practicing taxonomists and phylogeneticists 
(e.g., McDade, 1990). Introgression blurs taxonomic boundaries, leading to the com-
mon phenomenon of taxonomically "difficult groups." Hybridization and introgres-
sion have also influenced the development of various species concepts through· the 
challenges they pose for the "biological species concept" (Cracraft, 1983; Donoghue, 
1985; Ghiselin, 1987; Templeton, 1989). 
Several authors have suggested that phylogenetic studies relying solely on varia-
tion patterns in organellar genomes (chloroplast and mitochondria) may be particu-
larly susceptible to errors introduced by introgression (Doebley, 1989a; Furnier et al., 
1990; Riese berg et al., 1990a; Smith and Sytsma, 1990; Riese berg and Soltis, 1991; 
Wendel et al., 1991 ). Three justifications for this conclusion may be offered. First, the 
maternal inheritance and vegetative segregation of organelles result in organellar genes 
having an effective population size that is approximately one-fourth that of nuclear 
genes (Birky et al., 1983), leading to a corresponding increase in the rate of fixation by 
drift and a decrease in expected gene diversity. Thus the likelihood of maintaining two 
divergent cpDNAs (native and alien) in a single population over long periods is less 
than for nuclear genes, with a corresponding decrease in the probability of detecting 
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a n d  c o r r e c t l y  d i a g n o s i n g  c y t o p l a s m i c  i n t r o g r e s s i o n  ( R i e s e  b e r g  a n d  S o l t i s ,  1 9 9 1  ) .  S e c -
o n d ,  e m p i r i c a l  e v i d e n c e  ( d i s c u s s e d  a b o v e ;  a l s o  s e e  T a b l e  4 - 1 )  i n d i c a t e s  t h a t  n u c l e a r  
g e n e s  m a y  b e  e x c h a n g e d  l e s s  f r e e l y  b e t w e e n  s p e c i e s  t h a n  o r g a n e l l a r  g e n e s .  T h i r d ,  p u t a -
t i v e  c a s e s  o f  b i p h y l e s i s ,  i n v o l v i n g  s t r o n g l y  d i s c o r d a n t  o r g a n e l l a r  a n d  n u c l e a r  p h y l o g -
e n i e s ,  a r e  b e i n g  r e p o r t e d  w i t h  i n c r e a s i n g  f r e q u e n c y  ( D o e b l e y ,  1 9 8 9 a ;  F u m i e r  e t  a l . ,  
1 9 9 0 ;  S m i t h  a n d  S y t s m a ,  1 9 9 0 ;  R i e s e  b e r g  a n d  S o l t i s ,  1 9 9 1 ;  R i e s e b e r g  e t  a l . ,  1 9 9 1  a , b ;  
W e n d e l  e t  a l . ,  1 9 9 1  ) .  
A n  e x a m p l e  o f  t h e  p o t e n t i a l  e a s e  w i t h  w h i c h  c y t o p l a s m i c  i n t r o g r e s s i o n  c o u l d  l e a d  
t o  e r r o n e o u s  a s s e s s m e n t s  o f  m o n o p h y l y  i s  p r o v i d e d  b y  a  d e t a i l e d  s t u d y  o f  Z e a  ( D o e -
b l e y ,  1 9 8 9 a ) .  I n  t h i s  s t u d y ,  a n  a t y p i c a l  c h l o r o p l a s t  g e n o m e  w a s  d e t e c t e d  i n  e i g h t  i n d i -
v i d u a l s  f r o m  o n e  p o p u l a t i o n  ( " P i e d r a  A n c h a " )  o f  Z .  p e r e n n i s .  C o m p a r i s o n  o f  t h e  
a t y p i c a l  c p D N A  t o  o t h e r  c p D N A  t y p e s  p r e v i o u s l y  d e s c r i b e d  f o r  Z e a  ( D o e b l e y  e t  a l . ,  
1 9 8 7 )  r e v e a l e d  t h a t  t h i s  g e n o m e  t y p e  w a s  n o t  p r e s e n t  i n  a n y  Z e a  s p e c i e s  e x a m i n e d  t o  
d a t e .  P a r s i m o n y  a n a l y s i s  i n d i c a t e d  t h a t  t h e  P i e d r a  A n c h a  c p D N A  g e n o t y p e  s h a r e s  a  
m o s t  r e c e n t  c o m m o n  a n c e s t o r  w i t h  t h e  p l a s t i d  g e n o m e s  o f  Z .  m a y s ,  f r o m  w h i c h  i t  i s  
d i s t i n g u i s h e d  b y  f i v e  o r  s i x  m u t a t i o n s .  T h e  c p D N A s  f r o m  o t h e r  p o p u l a t i o n s  o f  Z .  p e r -
e n n i s ,  h o w e v e r ,  a r e  c l a d i s t i c a l l y  s i s t e r  t o  Z .  d i p / o p e r e n n i s ,  i n  a c c o r d a n c e  w i t h  t r a d i -
t i o n a l  e v i d e n c e  a n d  a l l o z y m e  d a t a .  D o e b l e y  s u g g e s t e d  t h a t  t h e  f o r e i g n  c y t o p l a s m  i n  
t h e  P i e d r a  A n c h a  p o p u l a t i o n  w a s  d e r i v e d  t h r o u g h  i n t r o g r e s s i o n  f r o m  s o m e  m i s s i n g  
t a x o n .  A n  e r r o n e o u s  p h y l o g e n e t i c  c o n c l u s i o n  c o u l d  e a s i l y  h a v e  b e e n  r e a c h e d  i f  D o e -
b l e y  (  1 9 8 9 a )  h a d  f a i l e d  t o  e m p l o y  a  c o m p r e h e n s i v e  s a m p l i n g  s t r a t e g y ,  o r  i f  h e  h a d  
f a i l e d  t o  u t i l i z e  e v i d e n c e  f r o m  n u c l e a r  g e n e s .  
Z e a  p e r e n n i s  i s  t e t r a p l o i d ,  b u t  t h e  c l a d e  c o n t a i n i n g  t h e  P i e d r a  A n c h a  p l a s t o m e  
t y p e  c o n s i s t s  s o l e l y  o f  d i p l o i d  s p e c i e s ,  e x c e p t  o f  c o u r s e  f o r  t h e  P i e d r a  A n c h a  p o p u l a t i o n  
o f  Z .  p e r e n n i s .  T h u s  c y t o p l a s m i c  i n t r o g r e s s i o n  m a y  h a v e  o c c u r r e d  a c r o s s  p l o i d y  l e v e l s .  
A l t e r n a t i v e l y ,  t h e  m i s s i n g  o r  e x t i n c t  p l a s t o m e  d o n o r  w a s  i t s e l f  t e t r a p l o i d .  
R i e s e  b e r g  a n d  S o l t i s  (  1 9 9 1 )  s u g g e s t e d  a  n u m b e r  o f  a p p r o a c h e s  t o  a v o i d  e r r o n e o u s  
p h y l o g e n e t i c  c o n c l u s i o n s  b a s e d  o n  c p D N A  d a t a .  T h e y  i n c l u d e d  c o m p a r i s o n s  w i t h  
p h y l o g e n e t i c  h y p o t h e s e s  b a s e d  o n  n u c l e a r  g e n e s  o r  m o r p h o l o g i c a l  c h a r a c t e r s ,  c o m -
p r e h e n s i v e  s a m p l i n g  s t r a t e g i e s ,  a n d  m e t h o d s  o f  d a t a  a n a l y s i s  t h a t  d e t e c t  i n t r o g r e s s i o n  
e v e n t s .  A t  p r e s e n t ,  t h e  l a t t e r  c o n s i s t s  p r i m a r i l y  o f  c o n d u c t i n g  s e p a r a t e  p h y l o g e n e t i c  
a n a l y s i s  o f  d a t a  f r o m  d i f f e r e n t  g e n o m e s  ( e . g . ,  F i g .  4 - 2 ) ,  w i t h  s u b s e q u e n t  e x a m i n a t i o n  
o f  d i s c o r d a n t  c l a d e s .  I n  t h e  f u t u r e ,  i t  m a y  b e  p o s s i b l e  t o  t e s t  f o r  o r  h y p o t h e s i z e  r e t i c -
u l a t i o n  e v e n t s  u s i n g  a l g o r i t h m s  f o r  p h y l o g e n y  r e c o n s t r u c t i o n  t h a t  h a v e  b e e n  d e s i g n e d  
w i t h  t h i s  p h e n o m e n o n  i n  m i n d .  
l n t r o g r e s s i o n  i n  C r o p - W e e d  C o m p l e x e s .  O n e  o f  t h e  g o a l s  o f  p l a n t  b r e e d i n g  h a s  b e e n  
u t i l i z a t i o n  o f " e x o t i c  g e r m p l a s m "  v i a  i n t r o g r e s s i o n  o f " u s e f u l "  g e n e s  f r o m  w i l d  r e l a -
t i v e s  i n t o  b r e e d i n g  p o p u l a t i o n s  o f  t h e  c r o p  p l a n t .  T h i s  p r o c e s s  t r a d i t i o n a l l y  h a s  b e e n  
r e s t r i c t e d  t o  t h e  u s e  o f  w i l d  r e l a t i v e s  w i t h  w h i c h  t h e  c r o p  p l a n t  i s  i n t e r f e r t i l e ,  a l t h o u g h  
s o m a t i c  f u s i o n  o f  s e x u a l l y  i n c o m p a t i b l e  p l a n t s  i s  n o w  p o s s i b l e .  A d v a n c e s  i n  m o l e c u l a r  
b i o l o g y  h a v e  m a d e  p o s s i b l e  t h e  t r a n s f e r  o f  g e n e s  f r o m  o r g a n i s m s  w e l l  o u t s i d e  t h e  t r a -
d i t i o n a l  c r o p  g e n e  p o o l  t h r o u g h  t h e  u s e  o f  r e c o m b i n a n t  D N A  t e c h n i q u e s  r a t h e r  t h a n  
i n t r o g r e s s i o n  v i a  s e x u a l  p r o c e s s e s  ( G o u l d ,  1 9 8 8 ) .  T h u s  p l a n t  b r e e d e r s  c a n  i n t r o d u c e  
g e n e s  t h a t  c o n t r i b u t e  g e n e t i c  r e s i s t a n c e  t o  s p e c i f i c  d i s e a s e s ,  h e r b i c i d e  t o l e r a n c e ,  p e s t s ,  
a n d  s o  f o r t h .  A l t h o u g h  t h e s e  t e c h n i q u e s  m a y  u n d o u b t e d l y  l e a d  t o  i m p r o v e m e n t s  i n  
c o m m e r c i a l  c r o p s ,  t h e  p o t e n t i a l  f o r  g e n e  f l o w  b e t w e e n  c r o p  p l a n t s  a n d  t h e i r  w i l d  o r  
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weedy relatives has been demonstrated repeatedly (Table 4-1) providing a possible 
means of escape for genetically engineered genes. These data thus serve as a cautionary 
note to those involved in crop plant improvement via biotechnological means (Ells-
trand, 1988; Wilson, 1990a). For example, introgression of genetically engineered her-
bicide resistance genes from crop plants to their weedy relatives could rapidly reduce 
the commercial value of an herbicide-resistant crop (Ellstrand, 1988). 
PROBLEMS 
We have reviewed the historical development of ideas regarding introgression in 
plants, examined the evidence for its extent, and discussed its potential consequences 
so as to assess its role in plant diversification and speciation. In this section, we discuss 
several problems that emerged from this review. 
A general problem concerning the probability of detecting introgression is evi-
dent from the following considerations: ( 1) The likelihood of hybridization between 
taxa or differentiated populations, disregarding for the moment issues of opportunity, 
should, to a first order of approximation, be proportional to their degree of similarity; 
that is, closely related taxa should hybridize frequently, whereas phylogenetically more 
distant taxa do so only rarely. (2) The likelihood of detecting introgression should 
decrease as similarity between hybridizing taxa or populations increases as a conse-
quence of the reduced availability of diagnostic molecular or morphological markers. 
(3) The likelihood of detecting introgression should decrease (by some unknown func-
tion) as the period of time elapsed since introgression increases. Reasons for this sit-
uation are threefold. First, the alien contribution is likely to be diluted over time. Sec-
ond, mutations are likely to occur in the introgressed genes over time, making them 
difficult to identify. Third, the donor population or species may go extinct or change 
so dramatically in appearance and genetic constitution that its parental role may not 
be recognized and its genetic contribution difficult to detect or document. 
These considerations have several implications. First, it is likely that a significant 
proportion of ongoing introgression is· cryptic. With respect to evolutionary conse-
quences, we would quote from the epilogue to Anderson's ( 1949) monograph, Intro-
gressive Hybridization: "How important is introgressive hybridization? I do not know. 
One point seems fairly certain: its importance is paradoxical. The more imperceptible 
introgression becomes, the greater is its biological significance .... Hence our paradox. 
Introgression is of the greater biological significance, the less is the impact of casual 
inspection." Second, it is even more likely that a high proportion of historical 
introgression (i.e., between differentiated taxa that are not currently hybridizing) is 
cryptic. Third, only a small proportion of ancient introgression events are expected to 
be experimentally verifiable. In this respect, there is no reason to believe that introgres-
sion has not played a major role in the evolution of vascular plants in ancient as well 
as modern times. Indeed, Epling ( 194 7) argued that the ability to hybridize may actu-
ally have been selected for in certain groups as an adaptation to rapidly changing envi-
ronments (we do not hold this view). This point may have implications for phylogeny 
estimation at higher taxonomic levels. For example, Stebbins (1950) and Grant ( 1953) 
speculated that the lack of clear discontinuities between major evolutionary lineages 
of plants is a consequence of ancient hybridization events. 
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I n  c o n c l u s i o n ,  t h e  e v i d e n c e  p r e s e n t e d  i n  T a b l e  4 - 1 ,  w h i c h  i n d i c a t e s  t h a t  i n t r o g r e s -
s i o n  i s  e x t e n s i v e ,  m a y  r e p r e s e n t  a  g r o s s  u n d e r e s t i m a t e  o f  t h e  t r u e  m a g n i t u d e  o f  t h e  
p h e n o m e n o n  i n  p l a n t s .  B y  e x t e n s i o n ,  w e  a r e  m o s t  l i k e l y  u n d e r e s t i m a t i n g  t h e  s i g n i f i -
c a n c e  o f  i n t r o g r e s s i o n  i n  p l a n t  e v o l u t i o n .  I t  i s  a l s o  l i k e l y  t h a t  t h e  a v a i l a b l e  e m p i r i c a l  
e v i d e n c e  i s  b i a s e d  t o w a r d  r e c e n t  i n t r o g r e s s i o n  e v e n t s  a n d  t o w a r d  i n t r o g r e s s i o n  
b e t w e e n  m o r e  d i s t a n t l y  r e l a t e d  t a x a .  
P a r t i c u l a r  d i f f i c u l t i e s  a r i s e  w h e n  a s s e s s i n g  t h e  e v o l u t i o n a r y  c o n s e q u e n c e  o f  
a n c i e n t  i n t r o g r e s s i o n  e v e n t s .  F o r  e x a m p l e ,  e x t e n s i v e  i n t r o g r e s s i o n  h a s  b e e n  d o c u -
m e n t e d  i n  s e v e r a l  p l a n t  g e n e r a ,  i n c l u d i n g  G o s s y p i u m ,  Q u e r c u s ,  H e l i a n t h u s ,  a n d  S a l i x  
( T a b l e  4 - 1  ) ,  y e t  w e  c a n  o n l y  s p e c u l a t e  r e g a r d i n g  i t s  c o n s e q u e n c e s .  G e n e r a l l y ,  i f  t h e  
o r i g i n  o f  a  n e w  e c o t y p e  o r  s p e c i e s  h a s  b e e n  p o s t u l a t e d  a s  a  c o n s e q u e n c e  o f  i n t r o g r e s -
s i o n ,  a s  w i t h  t h e  p r o p o s e d  h y b r i d  o r i g i n  o f  G .  b i c k i i  ( W e n d e l l  e t  a l . ,  1 9 9 1 )  a n d  H e / i a n -
t h u s  a n n u u s  s p p .  t e x a n u s  ( R i e s e b e r g  e t  a l . ,  1 9 9 0 ) ,  i t  i s  u n d e a r  w h e t h e r  i n t r o g r e s s i o n  
c o n t r i b u t e d  t o  t h e  o r i g i n  o f  t h e  n e w  t a x o n  o r  i t  o c c u r r e d  a f t e r w a r d .  F a i l u r e  t o  c o n s i d e r  
t h i s  s c e n a r i o  h a s  f r e q u e n t l y  l e d  t o  u n j u s t i f i e d  c o n c l u s i o n s .  
A  f i n a l  c o m m e n t  c o n c e r n s  a  p o t e n t i a l l y  s i g n i f i c a n t  q u e s t i o n :  H a s  i n t r o g r e s s i o n  
n e g a t i v e l y  o r  p o s i t i v e l y  a f f e c t e d  s p e c i e s  r i c h n e s s  i n  p l a n t s ?  T a b l e  4 - 1  d e m o n s t r a t e s  t h a t  
m o s t  b o t a n i s t s  h a v e  s u g g e s t e d  n e w  e c o t y p e s  o r  s p e c i e s  a s  a  r e s u l t  o f  i n t r o g r e s s i o n  
r a t h e r  t h a n  t h e  b r e a k d o w n  o f  r e p r o d u c t i v e  b a r r i e r s  o r  t h e  m e r g e r  o f  p r e v i o u s l y  i s o l a t e d  
t a x a .  E a r l y  b o t a n i s t s ,  h o w e v e r ,  t e n d e d  t o  e m p h a s i z e  t h e  p o t e n t i a l  " c r e a t i v e "  r o l e  o f  
i n t r o g r e s s i o n  ( e . g . ,  A n d e r s o n ,  1 9 4 9 ;  S t e b b i n s ,  1 9 5 0 ) ,  a n d  i t  m i g h t  b e  a r g u e d  t h a t  t h e i r  
i n f l u e n c e  l a r g e l y  a c c o u n t s  f o r  t h e  b i a s  o b s e r v e d  i n  T a b l e  4 - 1 .  A l t e r n a t i v e l y ,  t h e  
o b s e r v e d  b i a s  m a y  r e s u l t  f r o m  t h e  d i f f i c u l t y  o f  d e m o n s t r a t i n g  t h a t  a  " m e r g e d "  t a x o n  
a c t u a l l y  o r i g i n a t e d  f r o m  t w o  t a x a  t h a t  a r e  n o w  e x t i n c t .  I n  a d d i t i o n ,  f r o m  a  m e c h a n i s t i c  
s t a n d p o i n t ,  h y b r i d i z a t i o n  a n d  i n t r o g r e s s i o n  m a y  b e  v i e w e d  a s  a  t y p e  o f  g e n e t i c  r e c o m -
b i n a t i o n .  T h u s  i t  m i g h t  b e  a r g u e d  t h a t  i n t r o g r e s s i o n ,  b y  e x p a n d i n g  t h e  f i e l d  o f  r e c o m -
b i n a t i o n  ( H a r r i s o n ,  1 9 9 0 ) ,  i s  a n  e v o l u t i o n a r y  f o r c e  c o n t r i b u t i n g  t o  a n  i n c r e a s e  i n  b o t h  
g e n e t i c  a n d  t a x o n o m i c  d i v e r s i t y .  T e s t i n g  t h i s  p o i n t  o f  v i e w  m u s t  a w a i t  t h e  d e v e l o p -
m e n t  o f  a  c l e a r e r  p i c t u r e  o f  b o t h  t h e  e x t e n t  o f  p l a n t  i n t r o g r e s s i o n  a n d  i t s  e v o l u t i o n a r y  
d y n a m i c s .  
C O N C L U S I O N S  A N D  F U T U R E  D I R E C T I O N S  
I n  t h e  l a s t  c o m p r e h e n s i v e  r e v i e w  o f  p l a n t  i n t r o g r e s s i o n  t o  d a t e ,  H e i s e r  (  1 9 7 3 ,  p .  3 6 1 )  
c o n c l u d e d  t h a t  i n t r o g r e s s i o n  e x i s t s  b u t  t h a t  " m o s t  i n t r o g r e s s i o n  a p p e a r s  t o  b e  h i g h l y  
l o c a l i z e d .  I n  c o n t r a s t ,  d i s p e r s e d  o r  w i d e s p r e a d  i n t r o g r e s s i o n  .  .  .  a p p e a r s  t o  b e  
e x t r e m e l y  r a r e . "  E m p i r i c a l  e v i d e n c e  ( T a b l e  4 - 1 )  n o w  a v a i l a b l e  d e m o n s t r a t e s  t h a t  b o t h  
l o c a l i z e d  a n d  d i s p e r s e d  i n t r o g r e s s i o n  o c c u r ,  a n d  w e  h a v e  i n d i c a t e d  s e v e r a l  r e a s o n s  w h y  
f r e q u e n c i e s  o f b o t h  t y p e s  a r e  l i k e l y  t o  b e  u n d e r e s t i m a t e d .  W e  a l s o  n o w  h a v e  e m p i r i c a l  
e v i d e n c e  t h a t  i n t r o g r e s s i o n  m a y  c o n t r i b u t e  t o  a n  i n c r e a s e  i n  g e n e t i c  d i v e r s i t y ,  
a l t h o u g h  t h e  e v i d e n c e  f o r  t h e  t r a n s f e r  o r  o r i g i n  o f  a d a p t a t i o n s  t h r o u g h  i n t r o g r e s s i o n  i s  
l e s s  c o n v i n c i n g .  T h e r e  a r e  n o w  m a n y  e x a m p l e s  d o c u m e n t i n g  t h a t  ( I )  p o p u l a t i o n s  o f  
i n t r o g r e s s a n t s  d o m i n a t e  d i s t u r b e d  o r  i n t e r m e d i a t e  h a b i t a t s ,  a n d  ( 2 )  t h e s e  p o p u l a t i o n s  
a r e  s t a b l e  a n d  m a y  w e l l  c o n t r i b u t e  t o  t h e  o r i g i n  o f  n e w  s p e c i e s .  F u r t h e r m o r e ,  s e v e r a l  
d i p l o i d  p l a n t  s p e c i e s  a r e  n o w  k n o w n  t o  b e  s t a b i l i z e d  h y b r i d  d e r i v a t i v e s  t h a t  w e r e  l i k e l y  
d e r i v e d  f r o m  a n c i e n t  h y b r i d  s w a r m s  o r  i n t r o g r e s s i v e  p o p u l a t i o n s .  T h u s  i n  o u r  v i e w  
100 HYBRID ZONE PATTERN AND PROCESS 
the evidence presented here indicates a major role for introgression in evolution, 
although it is recognized that much remains to be understood. 
Molecular methodologies have contributed and will continue to contribute sub-
stantially to the detection and quantification of introgression (Rieseberg and Bruns-
feld, 1992). Until recently, isozymes were the only molecular markers regularly 
employed in studies ofintrogression. A potential flaw of many studies has been the few 
nuclear markers surveyed, which in most cases range from one (rONA) to several 
dozen (isozymes) genes. In the few cases where numerous molecular markers have 
been employed, little is known about the genomic distribution of successful introgres-
sant alleles or their linkage relations. 
These limitations are likely to be alleviated by technological developments that 
allow a virtually unlimited number of molecular markers to be scored. Restriction 
fragment analysis oflow copy-number nuclear sequences (RFLPs) has been a readily 
accessible technique (for applications to the study of introgression see Keirn et al., 
1989; Song et al., 1988). Methodological gains hold the promise for even greater res-
olution. For example, PCR amplification of random oligonucleotide-primed DNAs 
(RAPDs) (Williams eta!., 1990) may facilitate the detection and screening of numer-
ous, highly variable molecular markers more efficiently than with current RFLP meth-
ods (Arnold et a!., 1991 ). In addition to the many advantages afforded by the avail-
ability of a large number of markers, detailed genetic linkage maps may be constructed 
from single segregating progenies (e.g., Bernatsky and Tanksley, 1986; Helentjaris et 
al., 1986, 1988; Helentjaris, 1987; Tanksley et al., 1988; Michel more ct al., 1989). The 
advantage of using mapped molecular markers for the study of introgression is that 
the dynamics of not only individual markers but entire chromosomal segments can be 
monitored (Doebley and Wendel, 1989; Riese berg and Brunsfeld, 1991 ). A significant 
capability is thus made available, i.e., ascertaining the genomic distribution of intro-
gressed alleles and chromosome segments. For example, introgression may be 
restricted to a particular set of chromosomes or chromosome segments in a particular 
population. By establishing linkage relations between adaptively significant traits and 
molecular markers, the transfer of genetic adaptations can be documented with much 
greater precision, and hypotheses regarding the permeability of species barriers to 
advantageous, neutral, and disadvantageous alleles can be tested. This detailed genetic 
approach has the potential to enhance greatly our understanding of both the mecha-
nisms and adaptive significance of introgression. 
These methodological improvements are likely to have the greatest impact when 
combined with studies of the evolutionary ecology of hybrid and introgressive popu-
lations (see Ch. 5). Levin ( 1979) stressed the importance of experimental manipula-
tions of hybrid swarms and hybrid zones, detailed comparisons of the biology ofintro-
gressive and parental plants in different environments, and estimates of fitness (e.g., 
pollen and seed dispersal) in hybridizing taxa. Similarly, Schemske and Morgan ( 1990) 
noted the importance of studying the full range of microevolutionary forces that may 
affect the direction and magnitude of gene flow. Rieseberg and Brunsfeld (1991) 
emphasized the need for examining the relative fitness of hybrids, introgressants, and 
parental plants in a range of environments, as well as studies that document the effects 
of introgression on isolating barriers. Sophisticated application of the tools of the evo-
lutionary ecologist, when coupled with modern molecular methods, will undoubtedly 
significantly advance our understanding of introgression. 
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